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PERMANENT MOUNTS OF FUNGUS CULTURES ON CELLOPHANE! 
Walter Jones * 


Fleming and Smith® state that “if disks of paper 
or cellophane were placed on the surface of a solid 
medium the necessary for growth diffused 
through the disk, so that growth obtained of 
bacteria planted on the surface of the disk . . . When 
growth had occurred the disk was removed from the 


elements 


was 


culture medium carrying with it the culture and could 


then be sterilized in formalin vapor, mounted on a 


card. and preserved as a permanent record. Later, this 


method was applied to moulds . . 

This account led the author to adopt this method of 
preparing fungus cultures on cellophane disks. Since 
1944. numerous fungus mounts have been made, and 
these have proved particularly useful in photographing 
the of the different fungi.* 
Particulars of the method adapted for this purpose 


morphological features 
are given herein. 
Meruop.—Cellephane disks, 8.5 em 
were made by placing a serrated circular cutter on 
folded sheets of commercial cellophane in a bookbind- 


in diameter. 


ing press and applying pressure. The cutter was made 
by welding together the ends of a narrow saw blade. 
The required number of disks were then placed singly 
Afterwards, each disk 
was aseptically transferred with a forceps and laid on 


in Petri dishes and autoclaved. 


the surface of cold sterilized agar medium in another 
Petri dish. 

When the disk was laid unevenly on the surface, 
some areas of the cellophane were raised or wrinkled 
and not direct contact with the medium. It 
found that cut from areas 
the most suitable for the preparation of slide mounts 
and 


in was 


later sections these were 


for photographic studies, because 


the 
them. 


microscopic 


growth of the mycelium was not too dense on 


Inoculum from a pure culture was then placed on 
the center of each disk and incubated at an appropri- 
After 1 2 weeks, depending on 


ate temperature. < 
the growth rate of the fungus. each disk was removed 


or 
carefully from the surface of the medium and placed 
on the inner side of the upper cover of the Petri dish, 
the of the 
cultures that tended to adhere closely to the medium 


with fungus colony downwards. Some 


were easily removed after application of a few drops 


of alcohol along the rim of the disk. Occasionally. the 


fungus had grown through the cellophane. and in such 
the adhering medium and mycelium had to be 


cases, 
scraped off, 


\ few drops of formaldehyde then were poured 


ber 
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over the medium in the lower plate, and the lid 
containing the culture was replaced. The disk was 
exposed to the formaldehyde fumes in this manner 
for 15-30 minutes, then taken out and prepared for 
mounting. 
Each disk thus treated was placed between two 

5 in. index cards, from which circular holes 2.8 
in diameter had cut 0.8 in. from one end, 
which was designated the upper end of the mount. 
The 2 cards and the disk carrying the culture were 
then stapled together at the upper end with a paper 
stapler. At this stage. the mount was placed between 
2 plywood blocks, 2 in. thick and approximately 3 Ib. 
in weight, and left overnight in order to prevent ex- 
cessive wrinkling of the permanent mount. Pertinent 
data were then typed on a gummed label, and this 
Each finished 
mount was finally inserted in a cellophane envelope 
and filed. 

APPLICATION The fungus mounts 
have proved useful for macroscopic and microscopic 


3 


in. been 


was affixed to the bottom of the card. 


AND DISCUSSION, 
studies and for taking photographs from new and old 
alike. Thus the mycelium and spores of 
Coryneum beijerinckii Oud. and Alternaria brassicae 
(Berk.) Sace. (Fig. 1, 2, 3) were photographed from 
10-year-old culture mounts, and those of Fusicladium 
dendriticum (Wallr.) Fekl. (Fig. 4) from an 11-year- 
old culture mount. 

When a slide mount is required for study, a small 
section is cut with a pair of scissors from a suitable 
area of the disk and placed on a slide. A drop of 
3 per cent potassium or sodium hydroxide is then 
added. When the hydroxide is applied, the cellophane 
of the older mounts curls up for a short time, and the 
may out of To avoid this, 
1 corner is held down with a dissecting needle until 


cultures 


section move position, 
the section resumes its original position. The mycelium 
and spores in the older cultures appear dry and 
shrivelled, but when left in the hydroxide for several 
minutes, they gradually distend and assume a natural 
and fresh appearance. At this stage, the cover slip is 
added. If required, the mycelium may be floated off 
from the cellophane and placed on another slide. 
Since the fungus has grown on the cellophane as a 
shallow mat, this mycelial mat can be spread evenly 
on the slide. This is an advantage when staining, be- 
cause of the tendency for the cellophane to pick up 
the stains that have been used. 

Cultures prepared in this way are easily handled 
and should prove useful for classroom work and for 
exchange between workers. It may be advantageous 
to have such fungus mounts included with specimens 
in mycological herbaria. 

Wiltshire? expressed such a need when he stated 
that “Type collections are so valuable that a recog- 
for their examination should be 


nized technique 


5 Wiltshire, S. P. 


of systematic mycology. 


1944, 


Brit. 
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INTERFERENCE WITH TOBACCO MOSAIC VIRUS INFECTION 
BY CUCUMBER VIRUSES 3 AND 4! 


W. F. Rochow 7 


SUMMARY 


Infection by tobacco mosaic virus of cucumber 
half-cotyledons was reduced by previous inoculation 
with cucumber virus 3 or cucumber virus 4. The 
amount of reduction depended on the thoroughness 
of the cucumber virus inoculation, and on _ the 
interval between this first inoculation and _ the 
challenge inoculation. When half-cotyledons were 


inoculated heavily with cucumber virus 3 or cucum- 
ber virus 4, there was little or no protection against 
infection by tobacco mosaic virus after 5 days, 
partial protection after 8 days, and nearly complete 
protection by 11 days. In general, cucumber virus 
3 showed greater interference with infection by 
tobacco mosaic virus than did cucumber virus 4. 





Knight (7) has recently reviewed and evaluated the 
unique relationship between tobacco mosaic virus 
(TMV) and cucumber viruses 3 and 4 (CV3 and 
CV4). Existing criteria of strain relationship were 
considered, and 3 new chemical standards were pro- 
posed (7). Although these cucumber viruses generally 
have been considered strains of TMV, Knight regards 
differences in nucleic acid composition, sulfur amjno 
acid content, and C-terminal amino acid structure to 
be indications that the viruses probably are not strains. 
Other criteria, such as host range, are interpreted as 
support for this view (7). On the other hand, some 
criteria indicate that the viruses are related. For 
example, weak but positive cross reactions are obtained 
in serological tests (7). 

This paper presents results of an investigation of 
one important criterion of this relationship—the cross- 
protection reaction. Although Fulton (3) failed to 
demonstrate any protective effect of CV3 or CV4 
against TMV infection, data obtained in this laboratory 
show that such interference can occur. Since the cross- 
protection test is one of the most impor ant criteria of 


have 


virus relationship, these results are thought to 
an important bearing on the question of the related- 
ness of these viruses even though it hes been possible 
to carry out the tests in 1 direction only (3, 10). 
MATERIALS AND METHODs.—-Most experiments were 
conducted in a greenhouse in which day-time tempera- 
tures often reached about 90°F. Inocula of CV3 
(Marmor astrictum var. chlorogenus Holmes) and CV4 
(M. astrictum var. aucuba Holmes) were maintained 
by serial transfer in plants of Cucumis sativus L. 


A. Knight 


Symptoms of these infected cucumber plants resembled 


Cultures originally were obtained from C. 


those originally described by Ainsworth (1). Crude 
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juice inocula of CV3 and CV4 wete prepared by 
grinding infected leaves with a mortar and pestle 
in the presence of a small amount of 0.01 M phosphate 
buffer, pH 7.0. Inocula of TMV (M. tabaci var. 
vulgare Holmes) were prepared from purified prepara- 
tions kindly supplied by Dr. Knight. 

All cross-inoculation tests were made on expanded 
cotyledons of plants of C. sativus L. var. Fordhook 
White Spine using the local inoculation method of 
Kunkel (9). The senescence of cotyledons was de- 
layed by removing the growing points from all test 
plants. Small stiff-bristle brushes were used for the 
inoculation of opposite half-cotyledons. One half of 
each cotyledon, which was previously dusted with 
100-mesh Carborundum. was inoculated with juice 
from cucumber leaves infected with CV3 or CV4. As a 
control, the opposite half of each cotyledon was 
brushed with juice from healthy cucumber leaves. 
No distinct symptoms followed these inoculations. The 
challenge inoculum, TMV. was applied equally to 
all half-cotyledons by means of a brush. Virus concen- 
trations of 3-5 mg/ml were used to give heavy TMV 
infection. In each experiment, enough plants usually 
were used to enable each challenge inoculation to be 
made on at least 20 comparable cotyledons. 

Local lesions of TMV that formed under these 
conditions (10) usually were not sufficiently clearly 
defined for routine counting. Therefore, the approxi- 
mate number of TMV infections on each half-cotyle- 
don was estimated by counting TMV starch lesions. 
From 4 to 6 days after inoculation with TMV, plants 
were placed in a dark chamber, usually for 24 hours. 
Cotyledons then were removed, decolorized in ethanol, 
and stained with I,- KI (5). When cotyledons infected 
with CV3 or CV4 alone were treated similarly, starch 
lesions rarely were produced. Although on a given 
cotyledon the number of TMV starch lesions usually 
was greater than the number of distinct local lesions, 
relative numbers of each kind of lesion on opposite 
half-cotyledons always were in agreement when clear 


local lesions were present 
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infection on CV3- or CV4-in- 


was 


The amount of TM\ 
fected half-cotvyledons relative to the 
determined by dividing total 
lesions on all half-cotyledons previously inoculated with 
CV3 or CV4 by 


( ontrols 


the number of starch 


the total number of starch lesions on 


opposite half-cotyledor This TMV infection of the 
“protected” relative to the “unprotected” side of the 
cotyledons was express d as the nearest whole per- 


centage and will be referred to hereafter as percentage 


relative infection 


Resu.ts.—Results of preliminary experiments were 
in agreement with those of Fulton (3) for inoculated 
cotyledons. Further tests were conducted. however, 
to examine the possibility that the conditions used 
in these tests (3) might be unsatisfactory for the 
demonstration of positive protection. Particular atten- 


tion was given to the possibility that routine inocula- 
tion with CV3 or CV4 might fail to produce the 
large number of local centers of infection that are 
required for this type of cross-protection test. More- 
over, it was thought possible that the interval between 
inoculations might be insufficient for maximum spread 
of the cucumber viruses from the initial sites of 
infection. 

The importance of heavy inoculation with CV3 and 
CV4 was tested in 3 ways First. the effect of the 
number of brush strokes at inoculation was tested 


One half 
with 


on 3 comparable groups of cucumber plants 


of each cotyledon of | group was inoculated 


CV3 by 
half of 


juice from noninfected cucumber 


The opposite 
brushed 
Each of the 
other Z groups was tre ited in the same manner, except 
that 3 strokes 6 strokes 
for the other cotyledons were 


inoculated with TM\ number of TMV 


means of | stroke of the brush 


cotvledon was similarly with 


each 
leaves 
used for ] and 
days later. all 
Counts of the 


were group 


seven 


starch lesions formed on each half-cotvledon showed 
that the percentage relative infection of “protected” 
half-cotyledons was 33, 26. and 16 for groups inocu- 
lated with 1. 3, and 6 strokes, respectively. In a similar 


CV4. the 


was 70. 63. 


experiment with corresponding percentage 


relative infection and 60. respectively. 


Second. half-cotvledons ot each at 4 groups ot 


plants were brushed a different number of times with 


CV3 inoculum or juice from healthy leaves. All 
groups were inoculated on the first morning. 2 groups 
were reinoculated on the second morning. and | group 


was inoculated a third time on the following morning. 
Seven days after the first CV3 


brushed with rM\ 


inoculation. all cotvle- 


dons were For groups that 


received 1, 2, and 3 CV3 inoculations, the percentage 
relative infection was 61. 45, and 28. respectively. 
The corresponding values in the same order from a 
similar experiment with CV4 were 46. 41. and 24. 
Third. CV3 inoculations were made with different 


im. Concentrated CV3 inocu- 


concentrations of inocul 
lum was prepared by differential centrifugation in the 


cold. The first pellets obtained by high-speed centrif- 


ugation were resuspended 
a volume 1/10 that of the 


Dilutions from this 10 ina 


in phosphate buffer to give 


original clarified juice. 


ilum were made to pre- 
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pare additional inocula of 5 and 1 relative concen. 
Each of 3 groups of plants was inoculated 
with 1x, 5X, or 10> All cotyledons 
were inoculated with TMV With CV3, 
the percentage relative infection for the 1x. 5%, and 

and 22, The 
corresponding values from an experiment with CV4 


were 44, 23, 


trations, 
inocula. 
later. 


once 
9 days 
10 groups was 32, 36. respectively. 
and 26. respectively. 

Results of the above 3 types of experiments con- 
sidered together indicate clearly that the extent to 
which CV3 and CV4 interfere with the establishment 
of TMY infection on cucumber cotyledons is influenced 
by the relative thoroughness of the CV inoculation, 
Except for the 5 inocula in the third type of experi- 
ment, all inoculations designed to increase the level 
of CV3- or CV4-infection the 


with subsequent TMV infection. 


increased interference 

Further experiments combined investigation of the 
importance of thorough CV3 or CV4 inoculation with 
study of the importance of the interval between the 
first inoculation and the challenge inoculation. In a 
typical experiment, 60 cucumber half-cotyledons were 
inoculated on 3 successive mornings with CV3, and the 
opposite halves were brushed with juice from healthy 
leaves. Inoculated plants were divided into 3 groups, 


and TMV and 11 


inoculations were made after 5. 8. 


days. Although little or no protection was noted after 
5 days, there usually was partial protection after 8 
days, and practically complete protection on many 


individual cotyledons by 11 days (Fig. 1). Results of 
1] experiments of this type were similar, although the 
extent of protection varied among experiments. Results 


of 6 of these experiments are shown in Table 1. Three 


inoculations with CV3 or CV4 in crude juice gave 
betier protection than 1 such inoculation or 1 inocu- 
lation with concenirated inoculum (Table 1). As in 


the previous experiments, there was a general tendency 
for CV3 to give better protection than CV4 in most of 
This 


3 instances in which parallel experiments with CV3 


these experiments. tendency also was noted in 
and CV4 were carried out on comparable plants. 
There can be little doubt that previous inoculation 
with CV3 or CV4 can greatly 
TMV infection under proper conditions. 


reduce the amount of 
Although the 


data presented in Table 1 indicate only partial pro- 


tection, even when the challenge inoculations were 
made after 1] days. it should be remembered that each 
of these figures is based on the total starch lesions 


cotvledons 
the 11-day 


interval or before, particularly when the inoculations 


Many 


protection at 


cotyledons. individual 


18-28 


nearly 


from 
showed complete 
with CV3 or CV4 were made on 3 successive days (Fig. 
1). There were always some cotyledons in each such 
group that showed only partial protection. and these 
few cotyledons contributed greatly to the total number 
of starch lesions on “protected” half-cotyledons. 

An indication of the specificity of the reaction was 
provided by an experiment in which challenge inocula- 
tions were made with tobacco ringspot virus (Annulus 
tabaci Holmes) as well as with TMV. Ten days after 
inoculation of half-cotyledons with CV3, 23 cotyledons 





ol. 16 


mcen- 
ulated 
edons 
CV3, 
and 
The 
CV4 


con- 
nt to 
iment 
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ation. 
Kperi- 
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Taste 1.—Tobacco mosaic virus starch lesions on cucumber half-cotyledons at 3 intervals after previous inoculation with 


cucumber virus 3 or 4 


'MV\ lesions on “protected” halves 
expressed as percentage of number 





Inoculations prior to TMV Number of starch lesions* per half-cotyl- on “unprotected” halves when in- 
inoculations edon when interval between first and terval before challenge inoculation 
Number of challenge inoculation was as indicated was as indicated 

Kind of inoculum times used » Days 8 Days 1] Days » Days 8 Days 11 Days 
CV3 juice 3 19/47 13/33 6,40 103 1) 16 
CV3 juice ] 100/91] 19/73 33/99 110 67 34 
CV3 concentrate ] 18/59 30/8 31/92 81 56 33 
CV 4 juice 3 64/57 8/35 10/38 112 79 26 
CV 4 juice ] 97 96 98/74 71/105 10] 79 68 
CV4 concentrate ] 92 50 77/95 38/88 105 81 44 

‘Numerator is average number of lesi on half-cotyledons inoculated with CV3 or CV4 prior to inoculation with 
TMV: denominator is average number of lesions on half-cotyledons previously brushed with juice from healthy leaves. 
Fach figure is the average of 18-28 ha tyledons expressed as the nearest whole number. 

Centrifuged virus suspended in 1/10 original volume. 
were inoculated with tobacco ringspot virus and a_ the “protected” side than on the “unprotected” one. 
similar number were brushed with TMV. An average This was never observed with TMV when the interval 
of 57 TMV starch lesions formed on “unprotected” was more than 8 days. 
half-cotyledons compared with an average of 16 lesions Since the relative number of TMV starch lesions 
on “protected” halves. With tobacco ringspot virus, always was in general agreement with the relative 
an average of 28 starch lesions formed on “unpro number of local lesions on inoculated cotyledons, there 
tected” half-cotyledons compared with an average of | was no reason to question the use of the starch-lesion 
25 lesions on “protected” halves. Moreover, many method to estimate TMV infection. In many cases, 
individual cotyledons that received the tobacco ring- however, distinct local lesions did not form even when 


spot virus challenge inoculation had more lesions on — starch lesions showed that heavy TMV infection had 





Fic. 1. TMV starch lesions on cucumber cotyledons. Right half of each cotyledon previously was inoculated with CV3 
3 times at daily intervals. Left halves were similarly brushed with juice from healthy leaves. Both halves of the cotyl- 
edon were inoculated with TMV at intervals (after the first CV3 inoculation) or A) 5 days, B) 8 days, and C) 11 days. 
LS. 
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occurred. In order to obtain an approximate com- 


parison of results of starch-lesion counts with those 


of an independent method, some tests were carried out 


to estimate the relative amount of TMV infection on 
each half-cotyledon by assay of the TMV extracted 
from the cotyledons. Although this TMV assey was 
actually a measure of TMV multiplication rather than 
of the amount of TMV infection, it was considered 
likely that the multiplication of TMV under these 


would be roughly proportional to the 


rM\ 


conditions 


number of sites of infection. 


Cross-protection tests were performed as previously 


described. Before plants were placed in the dark 
chamber for development of the TMV starch lesions. 
1 cotyledon from each of at least 15 plants was 
removed. Each of these cotyledons was cut in half. 
and the halves that were initially inoculated with CV3 
or CV4 were ground with a mortar and pestle with 
a measured amount of phosphate buffer. The juice 
obtained was strained through cheesecloth The 
opposite half-cotyledons which initially had been 
brushed with juice from healthy leaves. were treated 
in the same manner. The relative TMV activities of 


these = preparations were then compared by means of 


local lesions on at least 12 opposite half-leaves of 
plants of Nicotiana glutinosa L. The total numbet 
of lesions formed by each inoculum was used to 
calculate the percentage relative infection as described 
previously for the starch lesion counts. The second 


was used to dete rmine the 
“protected” half-cotyl- 
Results of the 


reement 


cotyledon from each plant 
percentage relative infection of 


edons hy means of starch lesions. 


) 


é methods were considered to be in o¢ neral ag 


9 


at different levels of protection (Table 2). 
Although Fulton (3) 


DISCUSSION. failed to demon- 


strate any protec tive effect of ¢ \ , or \ | igainst 
infection with TMY, his results are not in conflict 
TABLE Relative amount of tol Oo mosai irus infec 
fion, as estimate / / methods. ot iccumber hal }- 
cotyledor § pre ( . at / wit! icumober vtrus 
S or 4 
Relative amount of 
, [MV infection as 
Virus used between first estimated by 
Expei in first ind second Starch rM\ 
iment inoculation it ilations lesions increase 
1) Per cent er cent 
] CV3 82 Q5 
2 ( \ , Y 4) 
) CV4 MD 15 
] CV3 39 39 
) CV3 18) 7 
6 CV3 4a) 61 
‘Relative number o irch lesions on “protected” half- 
cotyledons expressed as a percentage of the number on 
“unprotected” halves. Figur ire based on totals from 
15—20 cotvledons. 
, Relative amount of r\I\ xtracte | trom “protected” 


entage of that extracted 


half-cotyledons expressed as a per 
from “unprotected” | ilves. Extracts from 15—20 cotvledons 
were assayed on 12 f plants of N. g/utinosa. 
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with the data presented here. Two types of his cross- 
protection tests were based on the local inoculation 
method (9). In both cases the longest interval between 
the 2 basis of the 
findings reported here, protection would be slight or 
Fulton also reported 
the successful serial transfer of TMV in 
were systemically infected with CV3 or CV4 (3). This 
is not in conflict with the results presented here in 
view of the possibility that TMV multiplication might 
have occurred infected by CV3 or CV I. 
Moreover, it is known that tobacco leaves systemically 
infected with one strain of TMV are sometimes still 
susceptible to infection by a second strain (4). 

Since CV3 and CV4 can protect against TMV infec- 
most desir- 


inoculations was 6 days. On the 


absent under such conditions. 


leaves that 


in cells not 


tion of cucumber cotyledons, it would be 
able to know the results of reciprocal cross-protection 
tests. Unfortunately, cucumber is the only known 
common host for these viruses, and reciprocal tests 
have not yet been possible (3, 7, 10). 

The question of the relationship of CV3 and CV4 to 
TM\ 
that are important in the determination of strain rela- 
2 of the most important 


is largely a problem of deciding the criteria 
tionships. On the basis of 


and protection, 


established criteria, serology cross 
there now appears to be little reason to question the 
viruses. 


relatedness of these 


It is clear, that CV3 and CV4 are less 
closely related to TMV than are unquestioned strains. 
The cucumber viruses not only have fewer antigens in 
common with TMV than do other (2. 8), but 
also have host ranges different from other TMV strains 


however. 


strains 


aS 

The 3 new chemical criteria introduced by Knight 
(7) further illustrate the differences CV3 
and CV4 and TMV. These viruses are 
characterized by ribonucleic acid that differs from that 
of TMV in relative content of purine and nyrimidine 
7). Since 15 well defined strains of TMV show 
is striking (6). 


between 


cucumber 


bases 
differences, 
Differences in protein composition also are known (7). 
Unlike TMV, the have no sulfur- 
containing amino acids. C-terminal 
amino acid of TM\ 
be qualitatively and quantitatively different from that 
of CV3 and CV4 (7). Although differences in amino 
acid composition of some of the well defined strains of 
TMV are known (6). 
be of a 

It may be that 
eventually will prove to be the most satisfactory ones 
Adoption of these 
how- 


no such this anomaly 


cucumber viruses 
In addition. the 
and 12 strains has been shown to 


the above differences are con- 


sidered to more fundamental nature (7). 


chemical criteria such as_ these 
for determining virus relationships. 


3 chemical standards in the present instance, 
ever, would necessitate discarding more widely an- 
plicable criteria. At the present time, therefore, it is 
suggested that CV3 and CV4 should be considered 


unique strains of TMV. 


Virus LABORATORY 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 
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PHYSIOLOGIC RACES OF PUCCINIA RUBIGO-VERA F. SP. TRITICL IN MEXICO! 


C. O. Johnston. H. R. Hewlett. and N. E. Borlaug * 


SUMMARY 


Physiologic race analysis of 153 collections of leaf 
rust of wheat made in Mexico during 7 of the 10 
vears, 1944-1953 inclusive. revealed that race 1] 
and similar races constituted the dominant race 
group in each year except 1949 and 1950. The 
group comprised 51.2 per cent of all isolates for the 
entire period. It also was the most abundant race 
in all the states, except Tamaulipas, from which 


collections were received. Races 5, 15, 93, and 105 
showed increased abundance beginning in 1949. 
Although race 11 has long been a dominant race 
on the Pacific Coast of the United States, it has 
shown only a slight increase in the large wheat- 
producing area of central United States during 


recent years. 





Leaf rust (caused by Puccinia rubigo-vera (DC.) 
Wint. f. sp. tritici (Eriks.) Carleton) is one of the im- 
portant diseases of wheat in Mexico, as it is in nearly 
all wheat-producing countries. One of the most im- 
portant phases of research in connection with the 
control of the disease is the determination of the 
physiologic races of the organism. The increase, in 
recent years, of breeding for disease resistance in 
Mexican wheat varieties made it desirable to determine 
the distribution and prevalence of races of the leaf 
rust fungus in Mexico. Information on the interchange 
of races between Mexico and the United States also 
was ae sired 
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MATERIALS AND METHODS.—Studies on the races of 
the fungus causing leaf rust of wheat in Mexico were 
made during 1944 to 1953, inclusive. No data were 
recorded for 1945, 1946, and 1952. Physiologic race 
analyses were made at Manhattan, Kansas. Collections 
made in 1945 and 1946 proved to be nonviable, and 
none were made in 1952. Cultures were obtained from 
some collections made during 7 years of the period, 
but many were nonviable, apparently because of 
unfavorable conditions in transit. 

Cultures were obtained from 153 field collections. 
These represented collections made during 7 years 
and in 8 different Mexican states, although material 
was not received from each state each year. Various 
wheat-growing areas were represented with the 
greatest number of collections from the states of 
Coahuila, Sonora, Guanajuato, Queretaro, and Mexico 
(including the Federal District). Several  single- 
pustule isolations were made from the culture arising 
from each collection. Some cultures were lost, but in 
general about the same number of isolates of each 
collection were studied. They averaged about 3 per 
collection. 

EXPERIMENTAL RESULTS.—The 153 collections yielded 
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Taste 1.—Groups of physiologic races Pu rubigo made in Guanajuato, Queretaro. and Hidalgo. approxi- 
— 2 oy Vexican field collections, mately 50 per cent of those from Mexico and Sonora, 
Iet-1999 and 40 per cent of those from Coahuila. It also com- 
Racx Constit ces and percentages prised from 1% to nearly °4 of the total number of 
group total isolates isolates for all of the states during each of the 7 
years. The data for Tamaulipas, Puebla. and Hildago 
9 9(3.3). 19(0.7). 20(0 may not be representative because of the small number 
1] 11 (45.6 | ), 3810.4), 131 61.5 of collections tested, but those for other states are 
Id 2(0.9), I 25 (0.2) considered significant. 
A : nf , : ; ate “i 110 . Race 11 long has been the dominant physiologic race 
68 £210 of the pathogen causing leaf rust of wheat on the 
92 92(0.4 Pacific Coast of the United States. It never has been 
93 93 (4.6 a dominant race in the central and eastern wheat- 
105 610.4 (O02) 6 (1-9) growing areas. In recent years, however. isolates of 
: 7 race 1] have been encountered with increasing 
frequency in collections from central and south- 
a eastern states. This may indicate some movement 
“ad isolates that revealed the presence in Mexico of the leaf rust pathogen from Mexico into the United 
during the period of study of 29 physiologic races. States east of the Rocky Mountains. To date, how- 
orig ne — re ; : eed ye ehewans ever, the increase of race ll in grain fields of the 
— . ' . United States has been slight. 
— Eighteen of the 29 races, however, were con- Race 93 was frequently isolated from Mexican col- 
sidered of minor impor They closely resembled — jections but seldom has been encountered in the 
other well-known ind important races. The minor United States except in the southeastern — states. 
ones, therefore, were gro d with the important races Although it comprised only 4.6 per cent of the total 
that they most closely resembled. under the number of isolates from Mexican collections during the period 
the major race, as had been done earlier.* The Broup- of this study. it was fairly abundant in 1948 and 1950. 
ings and constituent apg shown in Table 1. This During those and other recent years it also was isolated 
arrangement gave 11 dis tly different race-groups. from collections made in southeastern United States. 
Only groups 68, 92, 93, and | were composed of a Race 92. although isolated only twice. is the only 
ongre race each. These were all minor races one from Mexican collections that has not been isolated 
Race group Il was by far the most abundant in at Jeast once from collections made in the United 
Mexico, representing 91.2 per cent of all isolates States. It is a very unusual race because Mediterranean 
Table 2 shows that it wv solated from collections wheat is the only one of the 8 differential varieties 
made in all states except Tamaulipas and represented susceptible to ii. 
from 27 to 67 per cent he isolates from collections (ll the other groups of races that were isolated from 
made in each of the remaining 7 states. It comprised Mexican collections have been isolated frequently 
more than 60 per cent of the isolates from collections from collections made in the United States. The most 
a a HAR, 0 Fourth  Umpertant of these was race 9, which was second in 
savision of the interna’ f phy vie races of | abundance in Mexico, comprising 15.8 per cent of all 
the leaf rust of whe p 2 rub 1 tritici isolates. This race has been the most important one 
CSFSCENG? } S. Dept t Agr Bur. Pl. J Mimeo in the United States since 1947. Race 5 suddenly in- 
a an ro} ae ee creased in abundance in Mexico in 1949, only 2 years 
aah diatdiieiien of oh CDR pes fo ruct of after it became the most abundant race in the United 
wheat in Kansas. K bs \ S Ira 119.4% States This mav indicate that race 5 moved from 
Papie 2.-Preve g s of Puccinia rubigo-vera f. sp. tritici in Mexico, 1944-1953 
\ Nu r of isolates of race-group Potal Percentage 
State y 15 7 68 y? g3 105 22 jsolates race 1] 
Coahuila 6 8 } 6 87 39.1] 
(,uanajuato f ; 2 y ; 95 61.1 
Queretaro ? 4 l 2 ] ) 10 60.0 
Tamaulipas 2 0.0 
Hidalgo l 18 66.7 
Puebla } y. | 1] 27 
Mexico and 
Fed. Dist. () 6 | 6 2 96 22.1 
Sonora | 4y 2 7 l 2 1] ] 108 19.] 
Total 3 : 5] 234 0) 18 lo ] 2 2] 32 l 157 
Percentage of 
total isolates 6 6.6 39 LS 0.2 0.4 16 0 0.2 
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TABLE 3. 
made in Mexico, 1944-1953 


Number of 


Year collections 5 y 1] 15 
1944 14 ] } 32 2 
1947 16 } 7) 33 } 
1948 28 ] 6 67 2? 
1949 14 16 2 35 3 
1950 5 13 10 13 13 
1951 3 1 )  . 
1953 3 3 15 5 

Total 153 72 3] 234 30 


Percentage of 
total isolates 


the United States into Mexico during that period. It 
was isolated from collections made in all the Mexican 
states except Puebla and was particularly abundant 
Federal District, 
Guanajuato. 


in the Coahuila, Sonora, and 

Race-groups 9, 15, and 105 each comprised approxi- 
mately 7 per cent of the total isolates. They also 
are important races in the United States. Race 9 was 
isolated most frequently from collections in Coahuila. 
whereas races 15 and 105 were isolated more frequently 
from collections made in Sonora. although they also 
were important in Coahuila. 

Discussion.—It seems clear that race 11 was by far 
the most abundant race of the leaf rust fungus in 
Mexico during the period of study, although a total 
of 29 races comprising 11 race-groups were isolated. 
There is only meager evidence that race 1] moved from 
Mexico into central United States during the period of 
these studies. Its spread may have been restricted to 
some extent by the large acreage in central United 
States of such varieties as Pawnee, Ponca, and Quanah, 


which are resistant to race 11. 


Number of isolations of physiologic rac 
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Prevalence by years of physiologic race-groups of Puccinia rubigo-vera {. sp. tritici isolated from collections 


e-group Total Percentage 


ts} 68 92 93 105 122 isolates race 11 
l 2 18 66.7 
6 l } 66 50.0 
5 ] l 6 l 94 71.3 
2 2 18 79 44.3 
13 7 130 33.1 
15 60.0 
l l 25 60.0 
15 l 2 21 32 ] 157 
> 0.2 0.4 1.6 7.0 0.2 


Race 11 was the most abundant physiologic race 
in Mexico in 6 of the 7 years of the study (Table 3). 
In 1950, race 5 and race 11 were equal in abundance, 
each represented by 43 isolates or 33.1 per cent of all 
isolates. Race 11 ranged from 33.1 per cent of all 
isolates in 1950 to 71.3 per cent in 1948. It is clear 
that there was a sharp increase in the abundance of 
race 5 in 1949. Before that year. race 
1.0 to 6.0 per cent of all isolates each year 


5 ranged from 
From 1949 
onward, it ranged from 12.0 to 33.1 per cent of the 
total isolates each year. 


Race 105 showed a large 


increase in 1949, and races 9, 15, 
markedly in 1950. 
maintained its dominant position in 


years except 1949 and 1950. 


and 93 increased 
Despite these increases, race 1] 
Mexico in all 
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VIRUS-TLUMOR FORMATION IN ROOTS OF CAPSELLA BURSA-PASTORIS ! 


C. L. Lee? 


stMMARY 


The structure and development of the root of tumor cells and hyperplastic cells. Normal mitotic 
Capsella bursa-pastor Medic. is briefly de- divisions were not observed throughout tumor for- 
scribe he wound-t or virus il ed tl ) . T . 
eribed. Th imor virus incited the torma mation. The separation of the protoplast was fre- 


of a distinct type of root t ri lis plant. . 
“ion Of 2 Gist dc? pial umor in this plant quently unequal and was followed by formation of 
In transverse section tumors were found to have , ° 
r ' cell walls that later became irregularly thickened. 
originated close to the primary phloem and to have 7 wee ; 
developed symmetrically into wing-like projections. Nuclei could not be detected in tumor cells after 


Although the root tumors of shepherd’s-purse plants an early stage in tumor development. and usually 





developed from pericycle, as did those of other spe- darkly stained granules of various sizes were scat- 
cies, they usually consisted only of meristematic tered through the cell. 
The structure and development of tumors induced mal roots—-The young primary root usually had a 


in several types of plants by the wound-tumor virus diarch, or occasionally a triarch, stele. Cross sections 
(Aureogenus magnivena Black) have been described showed that cells of the primary xylem differentiated 


by Kelly and Black 2 Lee (3 1), and Lee and centripetally, the larger metaxvlem vessels occurring 
Black (5). The author became interested in a dis toward the center. Two groups of primary phloem 


tinct type of root tumor observed by Kelly and Black alternated with the points of protoxylem and were 


(2) in infected plants of shepherd’s-purse, Capsella — separated from the xylem by a zone of parenchyma. 
bursa-pastoris (| Medi because the structure and The pericycle consisted of a single layer of cells lying 
development of these tumors was not understood. This immediately next to and within the endodermis. An 
paper describes the origin, growth, and structure of | epidermis surrounded the cortex, which was com- 
such root tumors in shepherd’s-purse plants. A brief posed of a few layers of large parenchyma cells. 
description of the structure and development of the When secondary growth was initiated, periclinal 
normal root is included to facilitate correlation of tu- — cambial divisions occurred in the stelar parenchyma. 
mor formation with normal processes in the root. The secondary xylem contained a large number of 
MATERIAL AND METHODS.—Shepherd’s-purse plants parenchyma cells, both xylem parenchyma and ray 
were grown trom seed the greenhouse, and young cells, intermixed with the vessel elements (Fig. 1). In 
plants having OH leave were inoculated with the the loosely arranged secondary phloem. sieve tubes 
virus by leafhoppers (4gallia constricta Van Duzee). and companion cells occurred in groups separated 
After symptoms had developed in the leaves, the rovis from one another by a considerable amount of par- 
were examined at intervals. Roots from healthy plants en hyma (Fig. 1). Inconspicuous narrow rays also 
grown under the same « litions were used as con existed within these groups. The parenchyma cells 
trols. of this region usually were composed of axially 
Win enstecinl wee feed cee ee ee ee ee oe elongated thin-walled cells that appeared circular in 
larly to the procedures that ve been described by transverse section except toward the inner portion 


re > reo ‘te a - tl) > 
Lae amd Black (5 where they were compacted and angular in outline. 
As the stele enlarged through secondary growth, 


OBSERVATIONS S t levelopment of nor- : . 
the cortex at first accommodated the increase in cir- 

bie tie gubiiindien Sem =e cumference by the enlargement of its cells and by 

: i idditional cell divisions. Later, however. the cortex 

Py ies vl tage nh pid Piste . . 3 : gir . Was sloughed off, and fragmental flaps sometimes per- 
Committee on Grow Sake Sint Weal, Canmetl sisted for a while along the regions just outside of the 
Sie adivccs: Ochorn Wetanical Laboratory. Yak primary phloem strands. As the cortex was shed, peri- 


University, New H ( derm originated from the pericycle and formed a pro- 


»----> 


Fic. 1 6. Transvet : I s Fj i An old healthy root. 90. Fig. 2. An old virus-infected root showing 
tumors, ¢t, of restricte levelopme 65.—Fig. 3-4. Young roots showing the first tumor cells, ¢, in the pericycle: px, 
protoxylem. 600 rther development of tumors, ¢, on opposite sides of the vascular bundle. *600.—Fig. 6. 
Tumors on opposit les somewhat radially arranged groups of hyperplastic cells in the inner portion and meris 


tematic tumor cells t tier f +} tumors. “120. 
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tective layer At this ize. lacunae gradually be- 
came conspicuous beneath the periderm. The lacunae 
originated from spaces among the loosely arranged 
parenchyma cells that were abundant in the secondary 


phloem. As the root creased in diameter, these 
cavities also became considerably enlarged and alter- 
nated with crushed secondary phloem cells. The peri- 
cycle usually could not be distinguished from the 
periderm that was derived from it 

The formation and development ol lateral roots fol- 
lowed the usual sequence escribed tor many dicotv- 


ledons { | - 


Origin, development nd structure of tumors 
Following inoculatior y leathoppers, the growth of 
the plants was checked and the margins of their 
leaves curled and wrinkled Stems of young plants 
were very short and nspicuous Occasionally, 
opaque leaf enations cou een, but no conspicu 
ous tumors were formed « e} the leaf blade or in 
the petiole. The tap root had developed before virus 
inoculation, and no sizable tumors could be detected 
in it. Many small tumors, about 2—3 mm in diameter. 
were found on the late roots. however lwo beady 
chains of numerous smal tumors that frequently 
coalesced usually were located symmetrically alone 2 
opposite sides of a ot Superficially. the growths 
appeared like 2 ridges sometimes occurred even 
on very small rootlets 

Root tumors cites \ d-tumor virus in sweet 
clover were show! to ive origil ited in the pericycle 
(2. 3). Tumors in root epherd s-purse plants 
appeared to have the s f nner of tormation but 
eventually are located in the periderm. In the very 
young root, 2 cells wil cytoplasm slightly denser 


than normal and with darkly stained nuclei appeared 


in the pericycle close to the phloem and in directly 
opposite positions on eitl . ot the root Fig ) 
Shortly thereafter, these mal cells divided kig 
1. 5 Whether the first fe divisions were normal 
mitosis or abnormal ce livision was letermined 
Except for 1 anay = » u e tound during the 
examination of approximatl L/UU sections, no miloth 
hgures were observed eithe ery voung tumors o1 
in old ones. After seve or cells had formed. 
nuclei became. invisible iles of various sizes 
were found dispersed n ft rotoplast Some of 
these granules stained like chromatin. a black color 
with haematoxylin ners lark Dbrownish-red 
ki (-h] It : i S 
at a tate stage « big 
ph, phloem 95.—I 
than did the . 
rather than the 3 } I \ 
magnihecatior I \ 
cells, A 1) | . I 1 a por 
12. Young 1 rs I \ ! g meri 


plasti 
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color with safranine. These color reactions were 
similar to those of the spherules (6) in most plants 
with wound-tumor virus infection. Whether these 
granules represented the original chromatin substance, 
or foreign substances resulting from virus infection, 
is not known. For this reason the granules are not 
termed spherules in this paper, although it seems 
probable that at least some of them were. They be- 
came more abundant in latér stages, and their size 
became more variable, some having been as large as 
10 w in diameter. These granules usually were dis- 
tributed more or less evenly throughout the whole cell 
without central aggregation. In extreme cases, | 
large global mass, about 20 « in diameter, appeared 
in the tumor cell with no fine structure visible with 
ordinary micropreparation. Sometimes these global 
masses were somewhat homogeneous and nucleus-like 
but lacked nucleo-cytoplasmic demarcation and were 
then indistinguishable from the newly formed proto- 
plasts following cell division. 

lhe protoplast of the mother cell, which contained 
many granules, divided unequally into 2 daughter 
cells, between which a faint membrane was formed. 
The membrane gradually developed into an unevenly 
thickened wall. The divisions of such mother cells 
usually occurred at various angles, several successive 
divisions generally being oriented in the same direc- 
tion (Fig. 12). As a result of several divisions within 
|! mother cell, the size of the daughter cells became 
progressively smaller until many small spindle-shaped 
hyperplastic cells resulted. Later, the original walls 
of the mother cells were not identifiable, but spindle- 
shaped bundles of small cells could still be discerned 
(Fig. 13). The paucity of necrotic cells was an even 
more striking feature in these tumors than in tumors 
of other species. 

The whole tumor sometimes showed a gradation in 
cell size in the hyperplastic cell formations. Usually, 
spindle-shaped bundles of small cells were in the inner 
portion, appearing in cross section somewhat like a 
lan opening outward, whereas the larger cells, approxt- 
mating the dimensions of the neighboring parenchyma 
cells but containing cytoplasmic granules, were located 
in the outer portion (Fig. 6, 11). Cells of inter- 
mediate size containing cytoplasmic granules also 
were observed. It is possible that these outer cells 
were relatively young and might represent meristem- 


ilic tumor cells that subsequently form hyperplastic 


» --> 


S i rs devel ped between old tumors and the xylem 
mation with tumors on both sides: px, protoxylem; 


lt r that had a position nearer the center of the roo 


xylem and underwent a centripetal development 


ill isolated tumor showing hyperplastic cells under high 
g meristematic t r cells ind hyperplastic 
i! istrating the cell structure of tumors.—Fig. 
tumor s and a spindle shaped group of hyper- 


ere 


ints 
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cells. 

This centrifugal tumor development usually occurred 
in tumors on either side of the root and resulted in 
externally visible protrusions. Occasionally, however, 
a third tumor developed centripetally. This was 


frequently located internal to one of the protruding 


ne 
segy een te tak” 

<1 sly ate 4 
a 
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tumors and developed inwards, eventually coming in 
contact with the xylem (Fig. 9). In such instances 
some of the xylem parenchyma cells also became 
tumor cells, and mingled with those in the inner 
portion of the tumor. Because of its centripetal develop- 
ment, such tumors usually were located deep within 
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the root. Finally, some scattered tumors, possibly 
having arisen from the outer portions of the phloem, 
appeared between the protruding tumors and _ the 
xylem (Fig. 7 These tumors consisted only of 
hyperplastic cells and rarely attained the size of the 
tumors at the periphery 

Lateral roots n snephe 1 S-purse isually ade veloped 
from the pericycle adjacent to the points of proto- 
xylem, whereas tumors originated near the loci of 
primary phloem (Fig The primordia of lateral 
roots were usually re zable before the initial 
tumor cells became apparent. This is also true in 
sweet clover and crin clover, and supports the 
hypothesis that there may be some relationship between 
lateral root formation and root tumors. After the 
lateral root had emerged from the pericycle, tumor 
cells began to appear scattered around its base. Be- 


cause of the abundance of lateral roots in this plant, 


the incipient tumors that grew near them coalesced 


without being separated by any clear areas of demarca- 
tion. 

In old tumors, the repeated divisions of tumor celis 
without any corresponding increase in volume resulted 
in so many small cells that individual cellular struc- 
tures were obscured (Fig. 10). The walls of these 
cells were unevenly thickened, and often appeared 
to be incompletely developed. Sometimes a few of the 
tumor cells in the central portion retained a fairly 
large size and developed into abnormal tracheids, 


tracheid formed in root 
Cells that 


found between the hyper- 


somewhat similar to groups 


were definitely 


sweet clover (34 


tumors of 
parenchymatous were neve! 


plastic cells and the abnormal tracheids. 

Old tumors, projecting on either side of the root. 
were responsible for the roughly rectangular shape of 
the root in transverse section. In certain instances 
the relative position of the 2 tumors may have deviated 


slightly and in a few cases so markedly that they grew 
quite close to each other 


formed in a 


Occasionally, 3 rows of tumors were 
root with a diarch stele, causing a triangular configura- 
tion in transverse section. These tumors were frequently 
associated with lateral root formation. since the extra 
tumor usually originated near the base of a newly 
formed root. 

In the infected root, the 2 groups of primary phloem 
cells, which would normal iave been located between 
the points ol prin iTy AViel we're obscured O! 
obliterated, indicat that 1 primary phloem and 
the greater part of the secondary phloem had been 
replaced by tumor tissue. Therefore, secondary phloem 
elements were scarce etween the tumor and 


the secondary xylen 


In many cases w development occurred 


late in the period of development of roots, no exter 


nally visible growths were observed, the small tumors 


being confined to the periderm or outer portion of the 


phloem (Fig. 2). Such roots preserved their circular 


ind continued to enlarge. 


shape in transverse sect 
Most of them continued 


Roots affected 


to produce new lateral roots. 


with tumors when rarely attain 


young 
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normal size and usually rot prematurely. thus differ- 
ing from roots affected when old. 

It has been shown that tumors incited 
different in 


DISCUSSION. 


by wound-tumor virus are structurally 


various organs of the same species (e.g. in roots and 
clover (3, 4)). In different species. 


stems of sweet 


tumors formed in the same organ may also be struc- 
although all 


originate from the pericycle, or from tissues derived 


turally distinct. Therefore. root. tumors 


from pericycle, their development and ultimate config- 
The 


contain 


uration are not always the same in all species. 
cells of different species 
that do not the 
However, the infection obviously does 


pericycle may 


organizers react in same manner to 
virus infection. 
not completely modify all factors for organization in 
the cells of this layer. 

In root tumors of shepherd’s-purse plants, nuclei 
could not be detected in cells after rather early stages 
of growth, and only dispersed granules with stain- 
ability similar to that of chromatin could be found. 
These infected cells later developed into hyperplastic 
tumor cells. In sweet clover and crimson clover. no 
nuclear alteration in tumor cells was observed during 


cells of the 


tumors possessed considerable organization (3,. 4,3). 


tumor development, and in later stages. 


Furthermore, mitotic activity, although somewhat 
irregular, was present in tumors of sweet clover and 
cell 
divisions resulting in numerous small cells apparently 
without further cell differentiation. Thus it 
that the destruction of the 
nucleus is somehow connected with the prevention of 
cell differentiation. In the 
affect the cytoplasm more than the nucleus, with the 
that 


altered. 


crimson colver. In  shepherd’s-purse, unequal 


occurred 
is suspected apparent 


sweet clover. virus may 


result mitosis and cell differentiation only 
slightly 
dispersed granules throughout the cytoplasm perhaps 
fragments that cell 


but are incapable of controlling cellular differentia- 


were 
In tumors of shepherd’s-purse, the 
nuclear division 


contain permit 


tion. Possibly, in rare instances when the virus effect 
on the nucleus is not so severe, a few tumor cells are 
able to differentiate into abnormal tracheids. 
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PATHOGENICITY OF RACES 11, 15B, 49, 125, AND 139 OF PUCCINIA GRAMINIS VAR. TRITICI 
TO NEW SPRING WHEATS, ESPECIALLY CERTAIN KENYA WHEATS 
AND THEIR DERIVATIVES? 


E. B. Hayden * 


SUMMARY 


Races 11, 49, 125, and 139 of Puccinia graminis 
var. tritict (Eriks. & E. Henn.) Guyot are especially 
virulent on seedlings and adult plants of Kenya 58, 
Kenya 117A, and the Kenya derivatives Lerma and 
Kentana at both 70—-75°F and 80—85°F in the 
greenhouse. These 4 races are more virulent than 
race 15B on both Kenya 58 and Kenya 117A, the 
2 wheats that have served as sources of moderate 
resistance to race 15B. All 4 races, although lim- 
ited in prevalence, were widely distributed in the 
United States and Mexico in 1952. The prevalence 
of races 49 and 139 increased markedly in 1953 in 
Mexico where several improved varieties with re- 
sistance derived from these wheats were grown ex- 
tensively. 

Two Kenya wheats, Kenya 338A.A.1.A.2 and 
Kenya Farmer (Kenya 338A.C.2.E.2), were highly 
resistant to races 11, 49, 125, and 139 as well as to 
race 15B in all of the tests made at both low and 
high temperatures. 

The reaction of Kenya 58, Kenya 117A, and Ken- 
tana to race 15B was erratic. In some experiments, 
only a few large pustules developed on adult plants, 
principally just above the nodes. Large pustules 
were distributed over the entire plant in other ex- 
periments. The reaction of these varieties to race 


15B was affected by temperature in some experi- 
ments but not in others. 

Varieties deriving rust resistance from Yaroslav 
emmer (Triticum dicoccum) or T. durum were 
generally resistant to races 11, 49, 125, and 139 in 
the greenhouse. Selkirk was resistant to most bio- 
types of race 15B at temperatures below 70—72°F 
but it was susceptible to these same isolates at 
higher temperatures. Seedlings of Selkirk inocu- 
lated with races 11, 49, 125, and 139 were moder- 
ately susceptible over a range of temperatures; 
large pustules developed on adult plants inoculated 
with races 125 and 139, although the lesions gen- 
erally were restricted to the area just above the 
nodes. At 70-75°F and 80-85°F, adult plants of 
Sentry, a durum wheat, were susceptible to race 
15B, but resistant to races 11, 49, 125, and 139. 

The prevalence of races 49 and 139 decreased 
sharply in the United States and Mexico in 1954, 
whereas races of the 17-29-37 complex and of the 
18 complex, which can attack some varieties resis- 
tant to races 11, 49, 125, and 139, increased mark- 
edly. This rapid shift in prevalence of races re- 
emphasizes the need for continuous intensive test- 
ing of breeding materials to a composite of many 
races and biotypes of the organism. 





The control of stem rust of wheat by growing resist- 
ant varieties has been successful for varying and un- 
predictable intervals. Changes in the prevalence or 
distribution of existing races and the appearance of 
new races and biotypes of the organism repeatedly 
have ended periods of effective stem rust control. 

Although all of the factors responsible for changes 
in the prevalence ot physiologic races are not known 
(4, 10), the introduction of new wheat varieties has 
provided opportunities for previously unimportant or 
unknown races to increase in prevalence and later 
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damage these same varieties (12). For example, with- 
in less than 10 years after Ceres (C.1. 6900)* was 
released as a rust-resistant wheat, the increase of race 
56 of Puccinia graminis var. tritici (Eriks. & E. Henn.) 
Guyot, especially virulent on this variety, caused such 
severe damage in the epidemics of 1935 and 1937 that 
Ceres ceased to be an important spring wheat variety 
(19). The varieties that replaced Ceres derived some 
of their rust resistance from Yaroslav emmer ( Triti- 
cum dicoccum) or from T. durum, and soon all the 
leading hard red spring wheats of the United States 
and Canada, such as Thatcher (C.I. 10003), Mida (C1. 
12008), Rival (C.I. 11708), and Regent (C.I. 11869), 
possessed the durum or emmer type of resistance (9). 
These wheats were resistant to the then prevalent 
races 56, 17, 38, and 19, and they reduced stem rust 
losses to insignificance for 12 years from 1938 through 
1949. The rapid and unpredictable increase of race 
15B, which attacks these varieties, caused severe losses 
in 1950 and in 3 of the 4 subsequent years (16, 18, 


) ] 99 ) 


Recently, still more rapid changes have occurred in 


3 (C.I. refers to accession number of Cereal Crops Section, 
U. S. Department of Agriculture. 
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Mexico (1. a 
rust-resistant wheats such as Su- 
de veloped since 1944 by 


the prevalence ot physiologic races in 
Dy. 20). 
premo, Yaqui, and Chapingo, 
the Rockefeller Foundation in 
Mexican Department of Agriculture, 
1951, whe race 15B first 


Improved 


cooperation with the 


were no longel! 


became 


resistant after prev- 


alent. The varieties Lerma and Kentana, which are 
Kenya derivatives. became heavily rusted in 1952 when 
races 49 and 139 increased in prevalence. 


a numbet 


The desirability of ine of dif- 


stem rust resistance into commer ial 


orporating 
ferent genes for 
them in a single variety 
in different 


appreciated in recent years. 


combining 


wheats, either by 


or by using different varieties, has 


venes 
become more generally 


This should 


attacking large acreages 


possibility of a single race 
Although attempts 


several different gene-sources 


reduce the 
wheat. 


have been made to utilize 


for stem rust resistance in developing wheats resistant 
to race 15B. a group of wheats from Kenya Colony in 
Africa have been the most generally used. Of these, 
Kenya 58 and Kenva 1] \ have been used most e@xX- 


tensively. 
10.000 lines and 


in artificially induced 


195? more than 


In the summer of 
varieties of wheat were tested in 
rust epidemic in the wheat rust nursery at St. Paul, 
Minnesota*. More than 60 races and biotypes of P. 
graminis var. tritici, including 139 and 
introduced into this nursery. Race 139 was isolated by 
lesions on Kenya 117A, 
from the Lerma. It 
become known that races 49 and 139 had 
on late plantings of Kenya R.F. 324 in the 


races 19. were 


the author from large and race 


19 was isolated variety has since 
increased 


State of 


Coahuila, Mexico. in June and July of 1951 (1,2). In 
May 1952. large acreages of Kenya R.F. 321 and 
Kenva R.F. 324 were severely attacked by race 49: 
and Lerma, Kentana. and Supremo 51 also were at- 
tacked by races 49 and 139 (1, 2). According to re- 


ports by Borlaug (1) and Stakman (16) and unpub- 
lished data of the Federal Rust Laboratory, the prev- 
alence of races 49 and 139 increased in Mexico in 
1953 but decreased sharply in 1954 


virulent on certain Kenya varieties (3). 


Race 125 also is 


In 1951] it appeared that the prevalence of race 1] 
United States (20), 


whether or not any of 


might be increasing in the and 
tests were made to determine 
stem rust 
Kenya 58. 
Lerma were susceptible 


race ll, 


the newer varieties or lines with genes for 


resistance could be attacked by this race 
Kenya 117A, Kentana 
when inoculated with isol 
veloped at 80—85°F. 

With these indications that 
Kenya wheat 


might be increasing, it became 


‘ 


and rust de 


races which are virulent 
varieties and their derivatives 


deter- 


on certain 
imperative to 


mine the pathogenicity of these races in comparison 


with race 15B on varieties lines currently used as a 

t The rust nursery 1s a perative project between the 
Department of Plant Patl nd Botany, the Depart- 
ment of Agronomy and Plant Genetics, Univers of Minne 


sota, and the Field Crops Researcl 


ity 
Branch, Agricultural 
Research Service Ag 


vf riculture. 


J 


nt 
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source of genes for stem rust resistance. 

MATERIALS AND METHODS.—AII isolates of physio- 
logic races of P. graminis var. tritici were furnished 
by the Federal Rust Laboratory at St. Paul, Minne- 
Inoculum of each race was made up of a com- 
posite of at least 2 isolates of the race, except for races 
15 and 125. Only single isolates of these races were 
Fight isolates were included in the culture 
of race 15B. Each isolate maintained on 
lings of Little Club wheat (C.I. 4066) and was checked 
for purity at 


sota. 


available. 
was seed- 


frequent intervals. Precautions were 


taken to avoid contamination. 

Seed of the Kenya wheats was furnished by the 
Field Crops Research Branch, United States Depart- 
Agriculture; seed of Willet by the Depart- 
ment of Agronomy and Plant Genetics, University of 
Minnesota; and seed of Sentry by the North Dakota 
Agricultural College. The Laboratory of Cereal Breed- 
ing at Winnipeg, Manitoba, furnished seed of Sel- 
kirk, and the Rockefeller Agricultural 
Program in Mexico Lerma and 
Kentana. 


ment of 


Foundation 
supplied seed of 

\ moist chamber built to accommodate adult plants 
consisted of a framework covered with a thin, trans- 
lucent plastic material. Mechanical humidifiers 
vided high humidity throughout the incubation period. 
About | 


placed in the chamber, when a film of very small 


pro- 


hour after seedling or adult plants were 
water droplets had been deposited on the plants, a 
part of uredio- 
spores to 20 parts by volume of Tale USP was dis- 


uniform mixture of approximately | 


tributed over the plants by means of cyclone separa- 


tors (23). The plants were usually left in the moist 
i8-24 hours and occasionally for 48 


greenhouse temperature ranged from 65° to 


chamber for 
hours; 
70°F during incubation. 

Both low and high temperatures were provided for 
rust development because the rust reaction of certain 
inoculated race varies within 
the temperature range from 60 to 90°F. 


varieties with a given 
Some varieties 
are resistant when rust develops below 75°F, but sus- 
ceptible when rust develops at 80-90°F (6, 16). The 
72° in some tests and 70—75 
or 85 . 


The greenhouses were equipped with thermostatically 


low temperature was 65 
in others. The high temperature was 80-85 


controlled ventilators so that temperatures rarely de- 
viated from those prescribed. 

Ten to 15 plants per pot were grown in steam steril- 
ized soil in 4-in. clay pots for seedling tests and inoc- 
ulated when in the first leaf stage. For tests with adult 
plants, 4 plants were grown in either 5- or 6-in. clay 
pots and were inoculated after the heads had emerged 
from the boot and the peduncles were exposed. Both 
seedlings and adults of each test variety were inocu- 
lated 
Notes were taken when rust development was at the 


simultaneously, in triplicate, with each race. 


after inoculation of seed- 
lings, 3 to 4 weeks after inoculation of adult plants. 
Resutts.—Kenya 58, Kenya 117A, and Kentana- 
Adult plants of these 3 varieties were attacked severely 
at 70-75°F and at 80—85°F. by the isolates of races 11, 


maximum—l2 to 14 days 
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{dult-plant reaction of 6 wheat varieties to 4 races of Puccinia graminis var. tritici at 70-75°F and at 80-85°F 


Percentage of infection and reaction class of varieties inoculated 
with indicated races at indicated temperatures" 


15B ae ; 49 ml 

\ ariety C.L. No. 70-75°F 80-85°F 70-75°F 80—85°F 70-75°F 80-85°F 70—75°F 80-85°F 
Kenya 58 12471 2R 2 R-MS 10 Ss 10S 35 VS 20 VS 15 VS 10 VS 
Kenva LI7A 12568 2R : = 5S 558 30 VS 5 VS 5 VS 10 VS 
Kentana 12921 50 MS 5 MS 5 MS 5 MS 35 8 58 10 MS 15 MS 
Selkirk 13100 10 MS I5 8 2R 30 R 10 MS 10 MR 3; 5 R 
Willet 13099 35 MS 10 MS 10 VR 10 VR 10 VR 10 R 10 VR 5R 
Sentry 13102 10S 20 S 2VR 2 VR 2R 2R 2 VR 10 R 





The numbers indicate percentage of the total area of the plant affected by rust. Letters denote the following reaction 


classes (infection types are those of Stakman et al (17)) 


necrotic flecks, sporulation absent or very limited; R 
sporulation limited; MR 
what limited; MS 


moderate; S susceptible (resemblance to infection type 


(resemblance to infection type 4+) 
Few large lesions developed above nodes. 


49. and 139 used (Table 1). and by races 15 and 125 
at 70-85° (Table 2). Postigo (14) and Shukla (15) 
reported previously that race 15 can attack Kenya 58 
and Kenya 117A. 

The adult-plant reaction of Kenya 58 and Kenya 
117A to race 15B was variable. Rust pustules indica- 
tive of susceptibility developed on these varieties in 
tests made in March, July, and January, whereas pus- 
tules indicative of a more resistant reaction developed 
in the December test (Table 3). The same isolates 
were used in the tests made in December, March, and 
July, and temperatures were similar in both the March 
and December experiments. In December, there was 
little uniformity in development of uredia on Kenya 
58 at 80-85 
ing, although they were few in number and often re- 
stricted to the areas of the host just above the nodes 
and at the base of the leaf sheath. Other uredia de- 


Some uredia were vigorous and thriv- 


veloped poorly and sporulated sparsely. Necrosis of 
surrounding host tissue often was extensive. Thus, in 
this test there were indications of both susceptibility 
and resistance to race 15B in Kenya 58. possibly be- 


Paste 2.—Adult-plant reaction of 9 selected wheats to 6 rac 
fests 
Pe 
\ ariety ( [. or P.I. No. ISB 
Kenya 58 1247] 10 S 
Kenva LI7A 12568 568 
Kenya 338A4.A.1.A.2 177180 2 R 
Kenya Farmer 12880 5 R 
Kentana 51A 13150 10 MS 
Kentana 52 13085 10 S 
Kentana 52A I5 MS 
Selkirk 13100 50S 
Willet 13099 (0 MS 


*P.I. refers to accession number of the Plant Introduction 


moderately resistant (resemblance to infection type 2 or 3—) 
moderately susceptible (resemblance to infection type 3 or 3+) 


sporulation excessive, 


: VR = very resistant (resemblance to infection type 0) 
resistant (resemblance to infection type 1) 


necrotic flecks, 

chlorosis, sporulation some- 
chlorosis absent, sporulation 
3+ or 4)—sporulation abundant; VS = very susceptible 
pustules frequently elongate. 


) 


cause the inoculum used was comprised of several iso- 
lates. In these 4 tests, temperature had little effect 
on the reaction of adult plants of Kenya 58 and 
Kenya 117A (Table 3), whereas in another test, both 
varieties were resistant to race 15B at 65° and sus- 
ceptible at 85°. 
not known. 
Green and Johnson (6) reported that Kenya 117A 
was resistant to races 1] and 139 and to isolates of 
race 15B, designated as 15B-1, 15B-2, and 15B-3, at 
temperatures of about 60° and 80°F. Kenya 58 and 
Kentana were resistant to the isolate of race 11 used in 
their tests. 


The reasons for this variability are 


Lack of agreement between their results 
and the results reported here may be due to the fact 
that individual isolates of each race were used in their 
tests, whereas composite inocula of 2 isolates of race 
11 and 2 of race 139 were used in these tests. The 
variety designated as Kenya 117A in Canada may 
differ from that with the same designation from the 
United States. Pugsley has shown that Kenya 117A 
from the United States differs from that from Kenya 


(13). 


es of Puccinia graminis var. tritici at 70-85°F in greenhouse 


rcentage of infection and reaction class when 
inoculated with indicated race 


15 1] 19 125 139 
0S ws 0S 0S 50 S 
20 S SS 0S 50 8 60 S 
5S R 10 VR IS R 50 R 2 MR 
20 R 10 R SR 10 R 2R 
20 MS 30 8 0S 50 S 30 S 
, o ys SS 50 8 50 8 
Ic ¢ 20 S ws ws wS 
>R 10 R 2R 10 R° ey 

lO R 2 VR 2VR ay 


po) 


Section, U.S.D.A. 


Numbers indicate percentage of the total area of the plant affected by rust. Reaction classes (letters) are defined in 


i footnote of Table 1. 
Few large uredia developed above nodes. 
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TABLE 3 {dult-plant re n of elect wheat varieties to race 15B of Puccinia graminis var. tritici in several dij. 
ferent experir 
Percentage of infection and reaction class in tests on different 
dates at indicated temperatures" 
1) 1952 March 1953 July 1953 January 1954 

Variety I 0-85" 1 68-72° 80-85°F 70-85°F 85°F 
Kenya 58 t > R-MS » MS as lO Ss > Ms 
Kenya LI7A R > KR > MS > MR Ibs 15 MS 
Kentana Mis Ms 
Kentana 51A 10 MS 
Kentana 52 Is MS lO Ss 
Kentana 52A 15 MS 
Selkirk 10 MS Is S lO R 10S 50 $8 is: 

Numbers indica | et il area of the plant affected by rust. Reaction classes (letters) are defined in 
a tootnote of | ib] 

Although Borlaug (1 reported that Kentana was _ resistant to races 11, 49, 125, and 139. They were sus- 


resistant to race 15B in Mexico, the present results in- 


dicate that Kentana and } selections are susceptible 
to some isolates of race 15B 

Selkirk.—This hard red spring wheat was developed 
at the Dominion Laboratory of Cereal Breeding at 


to 
of its parents), 
adults of 


Manitoba, The this variety 
that of MeMur 


temperature 


Winnipeg, reaction of 
race 15B, like 


is sensitive to 
Selkirk were resistant to the 


chy one 


edlings ind 


isolates of race 15B used 


whenever rust developed below 70—72°F. but they 
were moderately susceptible or susceptible when rust 
developed at 75° or higher (Table 3 Johnson (8) 
reported isolates of 15B in Canada that attacked this 
variety at low as well as moderate greenhouse tem- 
peratures. He tentatively designated these isolates as 
15B-3. 

Rust lesions produced by races 11. 49, 125, and 139 
on seedlings of Selkirk at 80—85 were charac terized 
by an area of abundant sporulation surrounded by a 
band of chlorotic and necrotic tissue with a tendency 
toward browning. A limited number of flecks also was 
produced in some instances. Most of the lesions pro- 
duced by races 125 and 139 on adult plants of this 
variety were sn \ few large pustules developed, 
however. usually only region above the nodes 
(Table 2 

HK illet. T} hard re pT wheat variety was de- 
veloped cooperstively w t nited States Depar 
ment of Agriculture at Minnesota Agricultural 
Experiment Station tro cross Frontana Thatch 
er. It was not distribut rowers because of un- 
desirable quality, but vy prov to be seful as a 
parent, Adult plant f Willet were moderately sus 
ceptible to race 15B at th moderate and high gre 
house temperatures reaction to all races against 
which this variety has en tested was consistent 
through a temper f 70° to 85°F. Seedlings 
and adult plants of this ety were resistant to races 
11, 49, 125, a } xperiments Tables 1, 2 

Sentry.—Sentry is a durum wheat developed coop 
eratively by the North Dakota Agricultural Experi- 
ment Station and the United States Department of 
Agriculture. Seed lults of this variety were 


ceptible to race 15B at 70-75’F and at 80—-85°F (Ta- 
ble 1). In field tests during the past 3 years. Sentry 
had some degree of tolerance to rust, since it  pro- 


duced higher yields of higher test weights than other 
durum varieties exposed to epidemics of race 15B (7). 
of 11, 49, 125, and 139.—The 


prevalence and distribution of physiologic races may 


Distribution races 


change gradually over a period of many years. may 
change rapidly in a single year, or may remain fairly 
constant for relatively long periods (9. 16, 19). The 
19, 125, and 139, 


which are especially virulent on certain Kenya wheats, 


potential imporiance of races 11, 


was evident from the wide distribution of these races 


in the United States and Mexico in 1952 (Table 4. 
Fig. 1). Races 11, 49, 125, and 139 were widely dis- 


19 cannot be 
high 


tributed again in 1953 (22). Since race 
distinguished from 139 with certainty at 
temperatures (11), race 49 was not positively identi- 
fied in the United States in 1953. 19 and 139 


were identified in collections from Mexico (22) earlie1 


race 
> 
Rac es 


in the year, however, when greenhouse 
Mexico where Kenya deriva- 


temperatures 
In areas of 
tives were grown, the prevalence of races 49 and 139 
increased markedly in 1953. Races 11 
were identified from Mexico. 

Phe ot 


changed markedly since 


were lower. 


and 125 also 


these physiologic races has 
1953.5 Only 
139 was identified from Mexico in 1954. where- 

19 and of the 


identified Representatives 


prevalence 
a single isolate 
ot race 
139 comprised 17.2 cent 


the 


races per 


as 


isolates previous year. 


of the race 17 complex include races 17, 29. and 37. 
These and race 48A increased markedly in Mexico in 
1954. Races 17, 29. and 37 are distinguished fron 


each other on the basis of the “X” or mesothetie reac- 


tion of certain of the durum wheats of the standard 


differential varieties. Variability in the expression of 


the mesothetic reaction 


precludes the separation ot 


h of the information on prevalence and distribu 
tion of physiologic races is from unpublished data of the 
Federal Rust Laboratory, St. Paul, Minnesota; portions ar¢ 
from mimeographed weekly rust summaries of the Plant 
Pest Control Branch, Agricultural Research Service, United 


States Departme nt of Agriculture. 
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Taste 4.—Percentage of isolates of races 15B, 11, 49, 125, 
ind 139 of Puccinia graminis var. tritici identified 
from the United States in 1952, 1953, and 1954" 


Percentage of isolates identified as 
indicated race 


Year ISB 1] 19 125 139 
1952 58.5 0.86 0.31 0.08 0.78 
1953 63.2 1.1 0.1 0.7 

1954 56.9 1.8 0.09 0.09 


‘Data for 1952 and 1953 are from published reports of 
the Federal Rust Laboratory (21, 22); preliminary un- 
published data for 1954 are given as of November 1 when 
the survey was incomplete. 

No positive identifications of race 49 made. 


races 17, 29, and 37 under all environmental condi- 
tions. These 3 races are placed in the race 17 complex 
pending completion of comparative studies. 

In the United States, race 48, which includes the 
hiotvpe 48A and possibly others, increased in preva- 
lence and was identified from 19 states in 1954. Races 
of the race 17 complex were identified from 19 states. 
It has not been possible to determine the complete 
range of pathogenicity of these races as yet, but it is 
known that they are virulent on at least some varieties 
that are resistant to races 11, 49, 125, and 139. 

Discussion.—The reaction of these varieties to sev- 
eral physiologic races of P. graminis var. tritici clear- 
ly indicates that races other than the currently prev- 
alent race 15B must be taken into consideration in 
breeding programs. Races 11, 49, 125, and 139 might 
damage hybrids deriving rust resistance from Kenya 58 
and Kenya 117A, but thus far they have not attacked 
wheat hybrids with Frontana Thatcher parentage 
or the durum variety Sentry. The possibility that still 
other races with specific virulence for present or fu- 
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Fic. 1. Distribution of races 11, 49, 125, and 139 of 
Puccinia graminis var. tritici in the United States and 
Mexico in 1952. (Data of the Federal Rust Laboratory.) 
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ture spring wheat varieties may become prevalent 
makes continued testing with an adequate sample of 
races and biotypes imperative. 

The durum wheat Sentry, apparently possessing a 
degree of tolerance to rust in the field, yielded well 
over a 3-year period when heavily attacked by race 
ISB. The ability to tolerate heavy stem rust attack 
also has been observed in the bread wheats Lee (CLI. 
12488) and Rushmore (C.I. 12273), when these were 
exposed to epidemics of race 15B. 

The eradication of the barberry, the host on which 
new genotypes of the pathogen arise by hybridization, 
has made it possible to breed varieties against a rela- 
tively stable population of physiologic races. Races 56 
and 15B were found only on or near barberry for a 
number of years but finally became prevalent and 
destructive in the spring wheat region. In order to 
reduce the possibility that still other races may in- 
crease in prevalence and distribution and attack large 
acreages, many different genes for rust resistance 
should be incorporated into commercial wheats. 
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INDIVIDUAL RED CLOVER PLANTS TO 
BEAN MOSAIC VIRUS! 
SUMMARY 
Red clover plants with symptoms of virus infec- with yellow bean mosaic virus resulted in a range 
tion are common in Kentucky. These symptoms are 
variable. They may be mild or intense green or 


vellow mottle, ve o. distortion. vein necro- 


of symptoms similar to that present in naturally in- 
fected field plants. Inoculation of vegetatively 
propagated clones of red clover showed that all 
plants within a clone produce similar symptoms, 
but symptoms in one clone may be strikingly differ- 
ent from those in another clone 





iowiln 
sis, or lethal svstemic necrosis. Yellow bean mosaic 
virus has been iso most often from such in- 
fected plants Ino ion of red clover seedlings 
Symptoms like thos ised by viruses occur com- 
monly on red clover (7) im pratense | in Ken- 
tucky. The most prevalent symptom is vein yellowing, 
or vein yellowing and mottling. mild or intense. A few 
plants show necrosis of veins and petioles, with or 
without vein chlorosis. Lethal svstemic necrosis also 
occurs. The percentage I plants with symptoms is 
high in some fields. For example. in a 3-acre field of 


9) 


2-year-old red clover Experiment Station farm 


at Lexington, al! the plants showed symp- 
toms in July, 195 

l Accepted for | a) her 6. 19 

The investiga ni his paper is in connection 
with a project Ker Ag Experiment 


Station and Is } . ppl il of the Director. 


distinct viruses can cause mosaic in red 


Elliott (5) reported that in September, 1919, 
75 per cent of the red clover plants on the cam- 


Several 
{ lover. 
fully 


pus of the University of Arkansas were severely at- 


The disease also 


tacked by a virus. was present in 
sweet clover. Elliott transmitted the virus mechani- 
cally to red clover, sweet clover. burclover. and |} icia 


faba, but he failed to transmit if to alfalfa and white 


clover. He suggested that the virus was the same as 
the one commonly causing mosaic in beans and in cow- 


Weiss (16) felt that Elliott’s red 


ease probably was caused by the common pea mosaic 


pe as. clover dis- 


virus; however. on the basis of the host range and the 


similarity between the symptoms in Elliott’s photo- 


graphs and symptoms in some of our clones such as 
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clone OP8V-11 (Fig. l, E) it appears possible that 
Elliott’s virus was yellow bean mosaic. 

Doolittle and Jones (4) found that common pea 
mosaic virus was the cause of mosaic in naturally in- 
fected red clover in Wisconsin. The red clover mosaic 
reported by Dickson (3) and the mosaic reported by 
Zaumeyer and Wade (18) are generally considered 
to be common pea mosaic. Zaumeyer and Wade stated 
that “The symptoms of red clover mosaic are not all 
alike. In fact, they may be so variable as to indicate 
the possibility of more than 1 form.” 
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viruses that have been transmitted to it artificially: 
pea mottle virus (9), pea wilt virus (9), tobacco 
streak virus (6), bean red node virus, a variety of to- 
bacco streak virus (15), and pea mosaic virus 4 (17). 

The object of this study was to determine 1) the 
virus or viruses causing symptoms in red clover in 
Kentucky and 2) whether the wide range of symp- 
toms was caused by a mixture of viruses, by strains 
of 1 virus, or by different reactions of a mixed host 
population to 1 or more viruses. An abstract of the 
work has been published (2). 





Minn Pierce (14) reported that of 28 naturally infected IsoLaTIONS.—-Inoculations were made from represent- 
red clover plants tested in Idaho, 19 were infected ative naturally infected red clover plants to plants of 
Physio- with common pea mosaic virus, 5 with yellow bean mo- red clover, crimson clover, white clover, Black Valen- 
we saic virus, 3 with alfalfa mosaic virus, and 1 with _ tine beans, Vicia faba, and burley tobacco. On the basis 
: white clover mosaic virus. Red clover is a common of host range, symptoms, mechanical and aphid trans- 
use of host of yellow bean mosaic virus in Oregon (12). mission, and intranuclear inclusions in Vicia faba 
cereal Red clover also has been reported to be naturally (11), it was concluded that the virus most commonly 
infected with the viruses that cause red clover vein- isolated was yellow bean mosaic virus. This virus was 
mosaic (7, 13), alsike clover mosaic (7), Wisconsin recovered from 113 of 136 naturally infected red clover 
pea streak (7), potato yellow dwarf (1), cucumber plants showing virus symptoms. Most of these plants 
mosaic (10), and perhaps tobacco ring spot (8). were from the Experiment Station farm at Lexington; 
In addition. red clover is host to the following but a few were from 4 other counties in the state. 
ange 
lv in- 
ively 
t all 
Ooms, 
iffer- 
red 
919, 
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at- 
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sai Fic. 1. Range of symptoms produced by yellow bean mosai rus in differe: ones of Kenland red clover. A) Healthy 
the plant, clone KWO II-l. B) Very tle, clone KWO II-l. C) Mild mottl one OP12 II-l1l. D) Moderate mottle 
a and vein yellowing, clone KWO I\ I Mottle. clone OP8 \ Ll. F) Mottle and distortion, clone KWO IV-4. G) Mot- 
tle in young upper leaf, clone OP4 III-2. H) Necrotic rings and necrotic veins i wer older leaf of the same plant 


on veins. without chlorosis r mottle. clone 6 


is (clor OP4 III-2). I) Necrotic spots and lines, maitr 
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Yellow bean mosaic virus was also recovered from 32 


of 35 naturally infected eet clover plants, and from 
25 of 31 crimson clover plants 

INOCULATION OF KENLAND CLOVER SEEDLINGS.—Ken- 
land red clover seedlings were inoculated mechanically 
with yellow bean mosaic, in the greenhouse, in the 
absence of aphids. As these inoculated plants became 
infected it became apparent that the range of symp- 
toms was similar to the nge present in naturally in- 
fected plants in the fiel Of 1051 inoculated seed- 
lings, 563 showed vein ve lowing or chlorotic mottle. 


ranging from very mild mottle to striking mottle with 


distortion and dwarfing Fifty-seven plants showed 


‘ 


necrosis: in most of the i ne rosis was accompanied 


by chlorosis and was nonlethal. being confined largely 


Twelve however, became systemically 
and died 


INOCULATION OF Cl 


to verns piants 


necroti 
ONES OF KENLAND RED CLOVER. 


It was not clear whether su h different types ot symp- 


toms produced bv inoculations from 1 culture of vel- 
low bean mosaic virus resulted from the presence of a 
mixture of strains in the virus inoculum. or from the 


of genotypically 


different plants within the 
nland ot Red 


: known to be vari- 


presence e 


population of 1 variety (Ke 


clover. 
clover is CTOSS pollir ité clone 


able and to vary in sus ptibility to some pathogens. 
It was felt that inoculation of 


plants might help to r 


propagated 
According- 
elected healthy plants of 


clonally 
ve this problem 


} 


ly. cuttings were made 
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Kenland; then at least 5 cuttings of each clone were 
inoculated. The results were quite striking: the symp- 
toms on all plants of a clone were the same, but the 
symptoms on different clones were not the same. Of 
126 clones tested, 8 failed to develop symptoms; 95 
showed mottling or vein yellowing, some mild, some 
severe, and some intermediate; 10 were seminecrotic, 
with both necrosis and chlorosis on the same plants; 
and 13 became systemically necrotic. 
Discussion.—These results show rather clearly that 
a range of symptoms, such as occurs in naturally in- 
fected field red clover plants, can be induced in a pop- 
ulation of a variety of red clover by inoculation with 
1 culture of yellow bean mosaic virus. Symptoms on 
selected representative clones are shown in Figure 1. 
The fact that such a series of symptoms, ranging from 
mild mottle to lethal necrosis, can be produced by 
with 


difficulty of identifying virus diseases of red clover on 


inoculation 1 virus preparation emphasizes the 
the basis of symptoms alone. 

Also, the presence of such diverse genetic reactions 
to the virus suggests the possibility of breeding re- 
sistant lines of red clover based on clones selected 
for immunity or a high degree of tolerance or perhaps 


even hypersensitivity. 
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CUCL MBER WILT, CAUSED BY FUSARIUM OXYSPORUM F. CUCUMERINUM N. F.! 


John H. Owen ? 


SUMMARY 


Cross-inoculation tests with wilt Fusaria from 
cucumber (Cucumis sativus L.), watermelon (Ci- 
rullus vulgaris Schrad.), and muskmelon (Cucu- 


melo L.) were conducted with seedlings and 
}-week-old plants of these 3 hosts. Each fungus 
was highly pathogenic on its original host. The 


mus 


cucumber Fusarium was slightly pathogenic on 
watermelon seedlings and highly pathogenic on 


muskmelon. Fusarium from muskmelon, Fusarium 
oxysporum {, melonis (Leach & Currence) Snyd. & 


Hans., caused no infection on watermelon seedlings 
and was only slightly pathogenic on cucumber. 
Watermelon Fusarium, Fusarium oxysporum f. 
niveum (E. F. Sm.) Snyd. & Hans., infected musk- 
melon but not cucumber seedlings. Similar results 
were obtained when cross-inoculation studies were 
made on 4-week-old plants. A morphological de- 
scription of the fungus is given, and the name Fu- 
sarium oxysporum (Schlecht.) Snyd. & Hans. f. 
cucumerinum n. f. is proposed for the fungus. 





\{ Fusarium fungus isolated from the stems of wilt- 
ed cucumber plants in Florida was found to be highly 
pathogenic on cucumbers during all stages of growth. 


In cross-inoculation studies with isolates of wilt Fu- 
saria from cucumber and watermelon, each was 
found to be specific to its original host. when such 


hosts were in the seedling stage (5). Taubenhaus 
(8) in 1920 reported that the Fusarium from water- 
melon was specific to watermelon only. Leach and 
1938 obtained no infection in cross- 
watermelon 
from 
muskmelon as a new form of the watermelon Fusari- 
im. Van Koot (9) in 1943 isolated several Fusarium 
spp. plants in Holland 
and found that 2 of these produced a vascular wilt 


Currence (2) in 
tests 
muskmelon 


Fusaria from 


described the 


inoculation with wilt 


and and Fusarium 


from the stems of cucumber 


of cucumber and of muskmelon seedlings: however, 
he did not describe the fungus. Hendrix et al (1) in 
1948 and McKeen (3) in 1951 conducted experiments 
with single-spore isolates of Fusaria from muskmelon 
and They reported cross- 


watermelon. infection in 


inoculation experiments of muskmelon and_ water- 
melon seedlings with single-spore isolates of Fusarium 
from muskmelon and from watermelon: however, all 
isolates were found to be more virulent on their orig- 
inal host than on others. 

The object of the present investigation was to com- 
pare the pathogenicity of the Fusarium from cucum- 
ber with forms of F. oxysporum (Schlecht.) Snyd. & 
Hans. and 
inoculation with 


plants. 


from watermelon muskmelon in cross- 


experiments seedlings and mature 


The results indicated that the cucumber Fu- 
sarium was specific to cucumber, and it was identified 
as a new form of F. oxysporum. A preliminary report 
has been published (4). 
CROSS-INOCULATION TESTS. 


Cultures of Fusaria 


were isolated from the stems of wilted cucumber and 


watermelon plants, and a culture of the Fusarium 


wilt fungus from muskmelon was obtained from Dr 
Accepted for publication October 13, 1955. 
“Associate Professor of Plant Pathology, University of 


| lorida. Gainesville, Florida. 
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H. M. Munger of Cornell University. Pathogenicity 
tests with 7 isolates of the Fusarium from cucumber 
on cucumber variety Marketer indicated that there 
was little difference in the pathogenicity of the 7 
isolates, with seedling damping-off ranging from 78- 
100 per cent with all Four isolates of the 
Fusarium from tested for patho- 
genicity on the watermelon variety Florida Favorite, 
and seedling damping-off ranged from 67-100 per 
cent. Two of the cucumber 1 water- 
melon isolate were selected for use in these -experi- 
ments. Wilt Fusaria from cucumber, watermelon, and 
muskmelon were used in cross-inoculation experiments 
on seedlings and 4-week-old plants of the cucumber 
variety Palmetto, the watermelon variety Florida Fa- 


isolates. 


watermelon were 


isolates, and 


vorite, and the muskmelon variety Smith’s Perfect. 
Greenhouse temperatures during the tests ranged 
from 23° to 32° C. 


Inoculation of seedlings.—-\Inocula were prepared 
from shake-cultures grown in flasks of potato-dextrose 
liquid medium for 7 days at 28°C. Fifty ml of inocu- 
lum was mixed with the steam-sterilized soil in each 
6-in. pot. Fifteen cucumber seeds were planted in a 
pot of soil infested with the cucumber strain, in a pot 
of soil infested with the watermelon strain, in a pot 
of soil infested with the muskmelon strain, and in a 
pot of sterile soil. This procedure was repeated for 
watermelon and muskmelon, and each treatment was 
replicated 5 times. The percentage of damped-off 
seedlings was used as a measure of disease severity 
(Table 1). 

The cucumber strain was found to be pathogenic on 
cucumber and muskmelon, causing damping-off of 
both hosts and some pre-emergence damping-off of 
muskmelon. The watermelon strain caused 91 per cent 
damping-off of watermelon and 20 per cent damping- 
off of muskmelon seedlings, but it was not pathogenic 
on cucumber. The muskmelon strain was slightly 
pathogenic on cucumber but caused no damping-off 
of the pre-emergence 
damping-off of the occurred, 
and 100 per cent of the emerged seedlings damped- 


watermelon seedlings. Some 


muskmelon seedlings 
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Taste 1.—Results of cross-inoculation tests with Fusarium wilt fungi on cucumber, watermelon, and muskmelon seedlings 





Cucumber Fusarium Watermelon Fusarium Muskmelon Fusarium Control" 
Host Emerged Damped-off Emerged Damped-off Emerged Damped-off Emerged 
per cent per cent per cent per cent per cent per cent per cent ' 
Cucumber 93 100 100 0 96 19 100 
Watermelon 88 6 90 9] 88 0 93 
Muskmelon 25 100 53 20 28 100 67 i 
“No damping-off occurred 
off (Fig. 1). toms of the disease, and isolations failed to yield the 
Inoculation of 4-week-old plants—Two experiments — fungus. 


t-week-old plants grown in 6-in. 
soil. Each pot 
In the first experiment the pathogenicity of 
from 


were completed on 


pots of steam-sterilized contained 3 
plants. 
wilt Fusaria 


cumber was compared on cucumber plants alone. Pot- 


watermelon, muskmelon, and cu- 


grown cucumber plants were separated into groups of 


6 pots, and the roots of the plants in 3 of the pots in 


1 


each group were wounded by inserting a 1,-in. spat- 
ula into the soil several times. The soil in pots of 
each group was infested with one of the following 


strain. isolate A: 2) cucumber 


watermelon strain: and 4) musk- 


fungi: 1) cucumber 


strain, isolate B:; 3) 


melon strain. The preparation of the inocula was 
identical with the method used in the preceding ex- 
periment. Fifty ml of inoculum was poured on the 
top of the soil in each pot and covered with a 14-in. 
layer of steam-sterilized soil. Four noninoculated con- 
trols were used; the roots of the plants in 2 of these 


were wounded 


In the 1-week-old 
cucumber, watermelon, and muskmelon plants were 
cross-inoculated with wilt Fusaria from each of the 
Each was replicated 3 times in soil in- 
Watermelon 
strain 


second experiment. pot-grown 


named hosts. 
fested with each strain of 
plants in soil infested with the 
began to wilt within 9 days, and after 12 days, all of 
the watermelon plants had wilted (Fig. 2, D). One 
watermelon plant growing in soil infested with the 
cucumber strain wilted and died after 21 days. and the 
fungus isolated from the stem of the wilted plant was 
shown by inoculation tests to be the cucumber fungus. 


Fusarium. 
watermelon 


The remaining watermelon plants were healthy 30 
days after the soil was infested. Cucumber plants on 
soil infested with the cucumber strain began to wilt 
in 10 days, and within 13 days, all of the plants had 
The plants were dead within 4-5 days follow- 
Cucum- 


wilted. 
ing the first symptoms of wilting (Fig. 2, C). 
ber plants remained healthy in soil infested with the 


After 15 days, 30 per cent of the plants growing in watermelon or muskmelon strains. The muskmelon 
soil infested with isolate A of the cucumber strain plants were the last to wilt, with the first symptoms 
showed symptoms of wilting. The wilted plants were developing in 18 days. and after 22 days, plants in 


only 2 of the replications or about 67 per cent of the 


plants had wilted (Fig. 2, B). Muskmelon plants re- 
mained healthy in soil infested with the cucumber and 


with wounded and those 
infested 
strain began to wilt in 17 


equally divided among thos 


with unwounded roots Plants in soil with 


isolate B of the cucumber 


watermelon strains. 


days. Within 7 days after the first symptoms of wilt- 
ing had appeared, all of the plants in soil infested THE FUSARIUM WILT FUNGUS.—Cultural characteris- 
with either isolate of the cucumber strain were dead. tics.—-1) On potato-dextrose agar.—The fungus grew 


Plants growing in soil infested with the muskmelon — rapidly, producing white aerial mycelium in young 
and watermelon strains remained healthy and com- cultures. As the fungus aged, the substratum and 
pared favorably with the control plants growing in sometimes the aerial mycelium assumed various shades 
noninfested soil. The plants in soil infested with the of purple (mauve to auricula purple (6)). Micro- 


slightly stunted: conidia were produced in great abundance in young 


plants showed no symp- 


watermelon. strain ippe ired to be 


however, the roots of thes cultures. Macroconidia were scarce and usually ap- 


aaiemnein | 











cucumber; Group 2, muskmelon: and Group 3, 
soil was infested with Fusaria from muskmelon (M), 


Fic. 1. Results of cross-inoculation studies with seedlings. Group 1, 


watermelon. In t 
watermelon (W), and cucumber (( 


vithin each group, th 
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peared in 14 to 21 days. Chlamydospores were plen- Ss, 2". and 38°C. 
tiful in older cultures. Cardinal temperatures were 2) On nutrient-dextrose agar.—The mycelium was 























a 
ba nb 





kic. 2. Results of cross-inoculation tests on 4-week-old plants. A) Control (1, muskmelon; 2, cucumber; and 3, water 
melon). B) Soil infested with Fusar from muskmelon (1, watermelon: 2, muskmelon: and 3, cucumber). C) Soil 
infested with Fusarium from cum! l. iskmelon: 2, cucumber: and 3, watermelon). D) Soil infested with Fu- 


sarium irom watermelon (1, muskmelot 2, watermelon: and 3, cucumber) 
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extremely confined to the surface of the 


Sparse, Wada 


medium, and produced no pigmentation. Few micro- 


conidia or macroconidlia were produced, and the mac- 
roconidia smaller than those formed on 


were potato- 


dextrose agar. Chlamydospores were sparse, appeared 
in 15-21 


produced on potato dextrose agar. 


days and were slightly larger than those 


3) On vyeast-dextrose Mycelium was thin and 


agar 


scanty. No pigmentation occurred. Microconidia and 


macroconidia were scarce The chlamydospores were 


abundant and slightly larger than those on potato- 


dextrose agar. 
made of 100 


spores of each spore type from a 24-day culture grown 


Spore measurements Measurements 


on potato-dextrose agar at 28°¢ (Fig 3) were the 


following: 


Microconidia Mostly nonseptate rarely l- or 2- 
septate, 9.4 0 (6.4-17.6 &* 1.64.0); Macro- 
conidia: l-septate, 24 per cent, 19.1 & 3.2 (16.0—-28.3 

2.4—4.0) 4; 2-septate, 19 per cent, 24.2 3.5 (19.2 
28.8 & 3.2-4.8)u; 3-septate, 55 per cent. 29.3 * 3.8 


(20.8-48.0 * 3.2-4.8 
1.0 (33.6-48.0 « 4.0) 


terminally and in 


l-septate, 2 per cent, 39.5 


( hlamydospores: Produced 


an interealary manner. Mostly non- 


however. single common. 8.9 


septate; septa were 
7.9 (6.4 12.8 5.6—9.6 
Description \erial mycelium usually vigorous, 


white; substratum purple. No sporodochia or sclero- 


tia in culture Microconidia abundant on aerial my- 


celium, oblong. ovoid. irregularly ellipsoid or slightly 
reinform, mostly nonseptate, rarely 1l- or 2-septate, 
9.4 * 3.0 (6.4-17.6 * 1.6-4.0)u. Macroconidia scarce, 


nearly cylindrical in the central portion, slightly curved 
and attenuated toward each end, somewhat pedicel- 
late, 26.2 3.6 (16.0-48.0 * 2.4 
1.8) u. rare. Chlamydo- 
spores abundant in older cultures, 


mostly 3-septate. 


Four septate macroconidia 
single or in pairs, 
subglobose or 


12.8 


terminal or intercalary. globose to 
ovoid, thick-walled. 
5.6—-9.6) u. 

Habitat and location 
cumber 
Florida. 


Experiment Station 


7.9 (6.4 


smooth 8.8 


Causes a vascular wilt of cu- 
Sumter County. 
Florida 


Gainesville, 


(Cucumis sativus L.) in 
Agricultural 


Florida, 


Specimens deposit d in 
He rb irium, 


F 44274 


Latin dest ription. 


specimen Number 


Mycelium aerium plerumque 


robustum, album; substratum purpureum; in culturis 


nulla sporodochia aut sclerotia. Microconidia in my- 


celio aerio numerosa oblonga, ovoidea, irregulariter 


ellipsoidea aut leniter reniforma, plerumque nonsep- 


tata, 1-2 septata rara, 9.4 X 3.0 (6.4-17.6 X 1.6 
4.0)u. Macroconidia rara, prope in medio cylindrica, 
ambobus finibus leniter curvata et attenuata, leniter 
pedicellata, plerumque 3-septata, 26.2 * 3.6 (16.0—- 
148.0 K 2.4-4.8)u. Macroconidia 4-septata rara. Chla- 


mydospori numerosi in culturis senioribus, singuli aut 


Associate 
Florida, 


$The author is indebted to Dr. B. 
Professor 
for preparation al oh 


Aratowsky., 
of Classical Languages, University of 


liagnosis 





























Fic. 3. Spores of Fusarium oxysporum f. cucumerinum n. 
f. A) Macroconidia. B) Terminal chlamydospores. C) 
Microconidia. D) Intercalary chlamydospores. 


bini, terminales aut intercalares. globosi aut subglo- 
leniter ovoidei, crasso-tunicati, leves, 8.8 
12.8 5.6-9.6) wu. 

Pathogenic ity.—The 


shown to be highly pathogenic on cucumber seedlings 


bosi aut 
7.9 (6.4 
cucumber wilt Fusarium was 
and older plants. In cross-inoculation tests, it differed 
in pathogenicity from wilt Fusaria of watermelon and 
muskmelon, and on older plants was specific to cu- 
cumber. The fungus belongs to the section Elegans. 
An isolate of the fungus was sent to Dr. H. N. Han- 
further belonging to the 


The writer 


sen who identified it as 
species group Fusarium oxysporum (7). 
proposes that the organism causing Fusarium wilt of 
cucumber be designated as Fusarium oxysporum 
(Schlecht.) Snyd. & Hans. (Amer. Jour. Bot. 27: 64- 
67. 1940.) f. 


DISCUSSION. 


cucumerinum n. f. 


that 
the 3 cucurbit wilt Fusaria were specific to their re- 


From these results it is evident 


spective hosts. although some infection was obtained 
in cross-inoculation tests when seeds were planted in 
inoculations of 4-week-old 


infested soil. In 


plants, the 3 Fusaria were shown to be highly specific 


heavily 


to their respective hosts, producing a typical wilting 
accompanied by a vascular discoloration. Plantings of 
cucumber, watermelon, and muskmelon on heavily in- 
fested soil post-emerg- 
ence damping-off of the young seedlings. This type of 


resulted in pre-emergence or 
infection produced a cortical decay that was absent in 
These results are somewhat similar 
McKeen (3) 


cross-inoculation 


the older plants. 
to those of Hendrix (1) 
tained 
tests with the wilt Fusaria from muskmelon and water- 
and those of Taubenhaus (8) and 
Leach and Currence (2) who obtained no infection in 
cross-inoculation test on older plants of other cucur- 
bits with wilt Fusaria from watermelon and musk- 
melon. The cucumber Fusarium appeared to be much 
more virulent on older cucumber plants than the musk- 
melon or watermelon Fusaria were on their respec- 
tive hosts, and within 4—5 days after the first symp- 
toms of wilting, infected plants were dead. The re- 
sults presented in this paper indicated that the Fu- 


and who ob- 


some seedling infection in 


melon, also to 








LJ 





um n, 
() 


ibglo- 
8 


was 
lings 
fered 
. and 
»’ CU- 
vans, 
Han- 

the 
riter 
It of 
orum 

64- 


that 
r re- 
ined 
d in 
<-old 
cific 
lting 
rs of 
y in- 
ler g- 
7 of 
it in 
lilar 
ob- 
‘tion 
iter- 
and 
n in 
cur- 
usk- 
uch 
usk- 
pec- 
mp- 
re- 


Fu- 


March, 1956 | 


sarium from cucumber differed in pathogenicity from 
the wilt Fusaria of watermelon and muskmelon and, 
therefore, was described as a new form of Fusarium 


oxysporu mm. 


DEPARTMENT OF PLANT PATHOLOGY 
UNIVERSITY OF FLORIDA 
GAINESVILLE, FLORIDA 
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EFFECT OF TIME OF INOCULATION OF WINTER WHEAT WITH USTILAGO 


TRITIC] ON THE PERCENTAGE OF EMBRYOS INFECTED 
ABUNDANCE OF HYPHAE ! 


ON THE 


AND 


R. E. Ohms and W. M. Bever ” 


SUMMARY 


Individual heads of Wabash (C.I. 11384) win- 
ter wheat were inoculated each day with race 3 of 
Ustilago tritici (Pers.) Rostr., starting 2 days be- 
fore anthesis and ending 5 days after anthesis. The 
percentage of infected embryos was ob- 
inoculation at with 


highest 


tained by anthesis decreased 


infection from earlier or later inoculations. The 
percentage of infected embryos containing large 
amounts of hyphae also decreased when inocula- 
tions were made after anthesis, whereas the per- 
centage of infected embryos containing small 
amounts of hyphae increased. 





Several workers have investigated the effect of time 


of inoculation of wheat with U. tritici on the percent- 


age of smutted heads. Freeman and Johnson (2) in- 


oculated flowers of spring wheat at 5 different periods: 
1) before stamens were mature, 2) at stamen matur- 
ity, 3) when ovary was just starting to enlarge. 4) 
when ovary was 1 its mature size, and 5) when ovary 
was 2. its mature size. The highest percentages of in- 


fection. based on smutted heads. were obtained when 


inoculations were made during periods 2, 3, and 4. 


Piekenbrock (6) inoculated spring wheat at 1-day 
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intervals from the time of pollination to 13 days there- 
after. The optimum time for inoculation was from 
pollination to 5 days later, with a decrease in the 
percentage of smutted heads during the succeeding 
No smutted heads resulted from inoculations 


Similar re- 


5 days. 
made 11] or more days after pollination. 
sults were obtained by Tiemann (10), who inoculated 
spring wheat at flowering time and on the fifth, sixth, 
Tapke (9). on 
the other hand, reported that the highest percentage 


seventh, and eighth days thereafter. 


of smutted heads was from inoculations made while 
the anthers were still green. 
Microscopic examination of wheat embryos from 
inoculated flowers offers a different approach, in which 
both the abundance of mycelium in the embryo and 
the percentage of embryos infected can be determined. 
Popp (7) reported that in the susceptible varieties of 
Garret. the 


smu‘ted plants was associated with the 


Reward, Marquis, and percentage of 
extent of in- 
fection within the embryo. Larose and Vanderwalle 
(3) stated that the amount of mycelium in the em- 
bryo determined the degree of infection in the plant 
and spikes. The results of these workers were based 
on the abundance of hyphae in the embryos and the 


number of smutted heads 
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Wabash, infected with race 3 
scutellum 


Whole embryo of 


rie. 1. 
of U. tritici, 


(class 3 infection). 2] 


containing hyphae in ™% of the 


MATERIALS AND METHODS.—Individual heads of Wa- 
bash winter wheat were inoculated in the field at daily 
hypodermic 
anthesis 


with race 3 of U. tritici by the 


method (1). 


stages 


needle starting 2 days before 


and ending 5 days after anthesis. The embryos were 
extracted in sodium hydroxide as done by Simmonds 
(8), cleared, and the fungus hyphae stained in chloral 
hydrate acid fuchsin by the method used by Ohms 
and Bever (4,5). The hyphae stained red whereas the 


embryo tissue remained transparent. The embryos 
then were examined and scored according to the pro- 


portional area of the scutellum containing hyphae. A 


magnification of 2] was sufficient to identify the 
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Taste 1.—Percentage of embryos infected following inocu- 
lation of Wabash with race 3 of U. tritici at intervals 
during heading and the results of scoring the in- 
fected embryos according to the amount of hyphae 
present 


Percentage of infected 
embryos that were 
classed as indicated * 
Class Class Class Class 
] 2 3 4 


35.0 45.0 


Percentage 
of embryos 


Time of inoculation infected 


2 Days before anthesis 88.9 0.0 20.0 

| Day before anthesis 94.0 y a | 12.8 27.7 57.4 
Anthesis 97.9 8.7 149 19.1 57.4 
1 Day after anthesis 89.6 11.6 186 30.2 39.5 
2 Days after anthesis 61.0 4.0 32.0 20.0 4.0 
} Days after anthesis 22.0 36.4 36.4 27.3 0.0 
1! Days after anthesis 40.4 36.8 263 26.3 10.5 
5 Davs after anthesis 31.2 66.6 20.0 13.3 0.0 


from a trace to %4; 2) 
from *4 to all 


*The infection classes were 1) 
from % to %; 3) from % to %4: and 4) 
the scutellum attacked. 


hyphae and to differentiate the embryo tissues. Figure 
1 shows a whole embryo with the right half of the 
scutellum infected with hyphae. 

Resu_ts.—The highest percentage of infected em- 
bryos occurred when inoculations were made at anthe- 
sis, with slightly lower percentages from inoculations 
made 1 or 2 days before and 1 day after anthesis 
(Table 1). Deficitely followed in- 
oculation from 2 to 5 days after anthesis. 

Very few embryos inoculated 2 or more days after 
anthesis had class 4 infection (%4 or more of the 
scutellum attacked). Such delayed inoculations re- 
sulted in high percentages of kernels with low or 


lower infections 


moderate infections. 

Discussion.—The percentage of embryos infected 
agree with what might be expected according to the 
smutted-head data of Freeman and Johnson (2), Pie- 
kenbrock (6), Tiemann (10), and Tapke (9). A 
point of interest that cannot be explained from the 
results is the fact that the amount of mycelia in the 
embryos decreased as the percentage of embryos in- 


fected decreased, 
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FACTORS ASSOCIATED WITH GERMINATION OF OAK WILT FUNGUS 
SPORES IN WOUNDS! 


Herbert Cole, Jr., and Charles L. Fergus 


SUMMARY 


The effect of various factors on germination of 
conidia and ascospores and upon the ascal matrix 
were studied to clarify their role in natural spread 
and to determine optimum infection court condi- 
tions. Ascospores and conidia of Endoconidiophora 
fagacearum Bretz on fungus colonies growing in 
petri dishes withstood freezing at —10°C for 83 
days. Spores were most resistant to high tempera- 
tures in the dry state, and ascospores generally 
were more resistant than conidia. The thermal 
death point of conidia was found to be 40°-42°C 
and of 144°C. The mucilaginous 
matrix in which ascospores are extruded was not 
dissolved by sap of red or white oaks or by any of 
several enzymes or solvents except for Dreft and 
amyl acetate, both of which proved toxic to the 
ascospores. A free film of liquid was necessary for 
Spores in sap of red or white 


ascospores, 4? 


spore germination. 


oaks germinated comparably up to 90 per cent. 
Ascospores germinated on moist exposed sapwood 
of 48-hour-old wounds, and conidia germinated on 
36-hour-old wounds on branch sections maintained 
at 100 per cent relative humidity at 25°C. Germi- 
nation percentages in distilled water, though not 
uniform, were lower than when nutrients were pres- 
ent. Optimum pH for germination ranged from 
pH 4 to pH 8 for both conidia and ascospores. No 
germination occurred below pH 3. Ethanol concen- 
trations above 5 cent by volume inhibited 
growth and germination of both spore types. The 
influence of various organic acids (metabolic end- 
products of microorganisms) was in general depen- 
dent on their ability to lower pH. Kojic acid, how- 
ever, permitted germination but allowed no growth 
at pH levels considered optimum. 


per 





The exact method or methods by which long-dis- 
tance overland transmission of the oak wilt pathogen 
is accomplished in nature remains unknown. The dis- 
covery that Endoconidiophora fagacearum Bretz pro- 
duces mycelial mats that rupture the bark and expose 
large numbers of conidia and ascospores, however, in- 
dicate the potential ability of the fungus to produce 
suitably located for natural 
spread (1). The wounds as infection 
courts has been indicated (3). If the spores fall on 
a wound or are introduced into the tree through the 


abundant inoculum 


necessity of 


wounding activities of some unknown agent, they must 
he capable of withstanding the transfer from the 
source of inoculum to the infection court, in order to 
germinate there and enter the tree. The germination 
and the effect of temperature on 
(2.5. 8) have been studied. 


requirements (2) 
germination and longevity 
There are many aspects of inoculation and incubation, 
however, that need clarification, such as the effect of 
exposure of spores to freezing and to high tempera- 
properties of the ascal matrix that facilitate 
attachment of ascospores to vectors and their detach- 
ment from the vector; and the effect of age of wound, 
moisture relations, hydrogen ion concentration, metab- 
and food relations of wounds and wound exu- 


tures: 


olites, 


Accepted for public ation October 12, 1955. 

Based on a portion of a thesis submitted by the senior 
author to the Graduate School of The Pennsylvania State 
University in partial fulfillment of the requirements for the 
of Master of Science. 

Contribution No. 196 from the Department of Botany 
and Plant Pathology, The Pennsylvania Agricultural Ex- 
periment Station. Authorized for publication July 21, 1955, 
as paper No. 1998 in the Journal Series. 


degree 


] 


- 


a 


dates. 

The effect of these factors was studied in order to 
understand better the behavior of the inoculum in 
natural spread and to aid in determining optimum 
infection court conditions. 

MATERIALS AND GENERAL METHODS. — Preliminary 
trials with conidia of 10 Pennsylvania isolates had 
shown that variations in percentage of germination 
among isolates (85-91 per cent) were not greater than 
variations among individual cultures of the same iso- 
late (83-92 cent). Therefore, all investigations 
were made using an A compatibility and a B com- 
patibility isolate and the germination percentages aver- 
aged. Conidial suspensions were obtained from 6-day- 
old Nutramigen agar slants (15 g Nutramigen, a baby 
food produced by Mead, Johnson and Co., and 15 g 
agar added to water to make 1 liter), since prior 
studies had shown that 6 days’ incubation at 25°C 
allowed maximum production of conidia of maximum 
viability (germination of conidia from 6-, 10-, 20-, and 
30-day-old slants was 91, 76, 43, and 40 per cent, 
respectively). The concentration of the suspension was 
adjusted to 200,000 spores per ml with the aid of a 
Fuchs-Rosenthal counting thamber. 

Ascospores were obtained by spermatizing the A 
compatibility isolate on malt extract agar with conidia 
of the B isolate. The masses of ascospores were picked 
off the perithecial beaks with a sterile needle and 
ground with a sterile glass rod in distilled water until 
the spores were well separated. The spore suspension 


per 


was adjusted to 200,000 spores per ml. 
The media on which the spores were germinated 
varied in the different experiments. Malt extract agar 


9 
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(15 g Difco malt extract, 15 g agar per liter of dis- 100 per cent relative humidity, they failed to germinate 
tilled water) was used in the metabolite, pH, freezing. after 6 hours. None of the conidia tested remained 
and matrix solvent experiments. The media and viable longer than 2 hours at 50°C at any humidity 


methods used to study the influence of other factors 
on spore germinatior ire given in the section on 


special methods and results 


Percentage germination was determined after 24, 
48, and 72 hours by count 100 or more spores unde1 
high power of the compound microscope and record- 
ing the number germinated and nongerminated. All of 
the spores in 4 microscopic fields were counted. The 
results are presented as percentage of spores germi- 


nated after 48 hours 
For conidia. the percentage listed is the average of the 


germination of the A and B compatibility isolates. A 


except when stated otherwise 


spore was considered to have cerminated only if 1 
germ tube was recognizable 
The oak sap used was obtained by pressing freshly 


cut sapwood chips in a Carver hydraulic press at 
25.000 lb. per sq 


Saturated solutions of potassium acetate (15-20 per 
cent relative humidity sodium dichromate (45-52 per 
cent relative humidity ind distilled water (100 per 


cent relative humidity were used to control relative 


humidity in closed desiccators (9) 


SPECIAL METHODS AND RESULTS.—The influence of 
freezing on spore sur Overwinter survival of 


duced in the fall could provide a 


spores and mats 


source of inoculum for transmission of the oak wilt 
pathogen the following spring. Conidial and perithecial 
cultures with extruding iscospores were frozen at 

10°C. in a freezer for different intervals up to 83 
days. Germination of ascospores trom perithes ial cul- 
tures frozen 83 days was 68 per cent ind that of 
conidia similarly treated was 50 per cent Colony 
growth on malt ext t agar alter treezing continued 
at the same rate as before freezing. Spores in water 
suspension showed no significant decrease in germina- 
tion after 15 days at LO ¢ 

The effect of or rposure to high ten perature on 
germination The influence of exposure to unf ivorably 
high temperatures. sucl is might occur throughout 


nvestigated. To determine 


> 
f 


the summer 


the effect of relative humidity and dry heat on germi- 


nation. conidia were brushed from the fungus myceli- 
um with a camel's r brush into the dry wells of 
Littman slides and ther iced at 24 55°, 40°, and 
50°C in desiceators at 2 0) nd 100 per cent relative 
humidities. For ascospore studies. intact ascal matrices 
were placed i the same ethod fol- 
lowed. The slides re emoved at intervals, sterile 
malt extract solutio 15 Difeo It extract per | 
was added to t vells 1 the spores were germi 
nated at 25°C. Percentag rmination was determined 
for 18 and 24 hours’ ir ition. The thermal death 
points of ascospor idia were determined 
following the method of | 1 Yu F 

Ascospores were 1] ! to be more resistant to heat 
and humidity than we nidi They survive 18 


hours at 50°C and 20 per cent relative humidity: at 


tested. In general, low humidity favored spore sur- 
vival. Conidia at low humidities survived almost as 
long as ascospores at high humidities. Figures 1 and 
2 summarize the results obtained at 35°C and 40°C. 
The thermal death point of conidia was found to be 
10°-42°C; 


Properties of the ascal matrix. 


for ascospores, 42°-44°C. 

\scospores are ex- 
truded from perithecia in sticky matrices, making 
them well suited for attachment to insects. Deposition 
in wounds may depend upon subsequent detachment 
of the spores from the insect while in the wound or 
upon germination of spores still attached to the insect 
and subsequent release of secondary conidia in the 
wound. When placed on a dry surface, such as an 
insect exoskeleton, at a humidity of less than satura- 
tion, the matrix soon dries down to a hard horny mass. 
When a spore-carrying insect visits a wound, even for 
only a short time, substances such as enzymes pro- 
duced by the microflora of the moist wound or exuded 
from ruptured suscept tissue might come in contact 
with the matrix and dissolve it, causing the spores to 
become detached from the insect. (Attempts were made 
to discover some of the properties of the adhesive 
material holding the spores together. 

Intact ascospore masses picked from extruding peri- 
thecia were immersed for 24 hours in oak sap, in 
saturated solutions of various enzyme preparations, 
and in various solvents. Total volume of each solution 
was 2 ml. Action upon the spore masses was deter- 
mined by counting the number of free spores present 
(per ml of solvent) with the aid of a Fuchs-Rosenthal 
counting chamber. The solvents tested were water, 
acetone, pyridine, amyl alcohol, ethanol (95 per cent), 
Dreft- (0.2 and 5 per cent), ammonium oxalate (0.5 
per cent), amyl acetate, sodium acetate (40 per cent), 
and ethyl acetate. Commercial enzyme preparations 
tested were pepsin, proteinase, pectin esterase, emul- 
sin, a-amylase, 8-amylase. diastase, hemicellulase. and 
lipase. 

Amyl acetate and a 5 per cent Dreft solution were 
effective in separating the spores; however, they com- 
None of the other solu- 
matrix. Masses were. still 


pletely inhibited germination 
tions tested dissolved the 
intact in water after 4 days, yet the outer ascospores 
of the matrix had germinated after 24 hours’ immer- 
sion. The matrix was also insoluble in boiling water. 


V oisture and humidity relations of spore germina- 
tion on oak sapwood and in oal sap Conditions at- 
tractive to possible vectors would exist during the 
period of greatest sap flow, when bleeding or exuding 
wounds are most commonly found. Spores were germt- 
nated in sap of red and white oaks and on wounds 
made on small freshly cut red oak branch sections. 


Wounds were made that exposed moist sapwood and 


2Dreft is a detergent manufactured by Procter a1 
Gamble. 
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loose bark edges, such as might occur from lightning 
injury, wind damage, or logging operations. Im- 
mediately after wounding, the sections were placed 
in closed desiccators at 25°C and at relative humidities 
of 100 and 50 per cent. Inoculations were made at 
various intervals by brushing ascospores and conidia 
into the wounds with a sterile camel’s-hair brush. In 
one series, the spores were placed on the exposed 
sapwood only, and in another they were brushed 
underneath the bark edges where an insect vector 
might crawl. After 36 hours, the wounds were washed 
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with distilled water, the washings were collected and 
centrifuged, and a drop of sediment was examined. 
The proportion of germinated spores was determined. 
Since the ascal matrices were not ground nor the 
spores separated, germination of ascospores was re- 
corded only as positive or negative. Spores also were 
incubated on dry glass slides and Pyralin slides at 
100 and 99 per cent relative humidities at 25°C and 
in distilled water in Littman slides. 

At 100 per cent humidity, no germination of conidia 
was observed in wounds older than 36 hours at the 
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conidia.—Fig. 3. Influence of wound age and relative humidity on germination of conidia. A) Underneath bark edges 


of wounds. B) On exposed wound surface.—Fig. 4. Influence of pH on spore germination 
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time of inoculation, and no ascospores were found in — sion of the oak wilt fungus, even though wounds and 
wounds older than 48 irs. At 50 per cent relative inoculum were present. The rate of natural spread of 
humidity, maximum wound age for germination was’ oak wilt also suggests that the pathogen in many 


8 hours for both spore types. In all tests with older 
wounds, spores placed underneath bark edges germi- 
nated, whereas spores pla ed on the exposed sapwood 
surface did not (Fig. 3). No germination was observed 
on glass or Pyralin slides at 100 and 99 per cent rela- 
tive humidity at 25°C. In distilled water, germination 
was low and variable, ranging from 0 to 30 per cent. 
Sap of both 
nation substrates. Percentage 


ed and white oaks provided good germi- 


germination for both 
spore types approximated 90. In “fermented” sap 
(fresh sap incubated 5 days at 30°C such as might 
occur in older wounds, germination was reduced to 
approximately 50 per cent. Oak sap. diluted 1:10 and 
solidified with agar, provided an excellent medium for 
ind perithecial production. 


| he pH 


however, other 


mycelial proliferation 
The influence of pH on spore germinatior 
of red oak sap varied from 5 to 6: 
organisms growing in the wound could possibly lower 
the pH of the wound exudate to ranges unfavorable or 
inhibitory for spore ermination. 
Melted malt extract agar and water agar (15 g 
agar per 1) were adjusted to various pH levels with 
0.5N HCL or 0.5N NaOH. The pH of a 5-ml sample 


was determined by means of a Beckman pH meter, 


and the remaining agar was poured into petri dishes 


and allowed to solidify Droplets ot spore suspension 


were placed on the agar surface The pH of the agar 
surface was determined by means of colorimetric 
paper (Hydrion) 24 and 72 hours after pouring. It 
was found that the original level was maintained 
within 0.25 pH unit after 72 hours. 


No germination of either spore torm occurred on 


malt extract agar at pH 2.5, although germination 
approached 60 per cent at pH 3. Maximum germina- 
tion occurred at pH 4 to pH 8. At pH 10, the germi- 
nation percentage was quite high (40 per cent), but 


germ tube elongation ceased after 48 hours and no 
subsequent growth occurred (Fig. 4). On water agar, 
no germination occurred below pH 4 or above pH 9. 

The influence of poss Ale metabolic products of com- 
peting wound saprophytes.—Organisms other than the 
oak wilt pathogen could grow in a moist or exuding 
prevented or 


Successful invasion might be 


wound. 
influenced by growth of these organisms and any toxk 
metabolic products produced. Malt extract agar was 


prepared containing various concentrations of ethanol 


and of citric, oxalic, succinic, kojic. malic, pyruvic, 
and tartaric acids 

Spore germination was completely inhibited by 
ethanol concentrations greater than 5 per cent by 


except for kojic acid. the 
vas dependent on their ability 


volume It was found tl 
influence of the acids 
to lower the pH. Kojic acid, however, inhibited subse 
quent mycelial growth at favorable pH levels, even 

e slight germ tube pro- 


though germination and so 


liferation occurred 


DISCUSSION Vario irkers have reported in- 


; 


consistency in cessful artificial transmis- 


instances fails to invade the tree or is in some way 
inhibited. The number of susceptible trees in Pennsyl- 
vania is high, and large numbers of conidial and 
perithecial mats, 2 factors essential for epiphytotic 
development, are present, yet the number of new 
infections in Pennsylvania is relatively low. The 1954 
Pennsylvania oak wilt survey (4) disclosed 611 active 
infection sites, fewer than 10 per cent of which were 
single new ones, 

The results reported here and those of other workers 
suggest that high and low temperatures exert little 
influence upon spore survival. It may then follow 
that the reasons for infrequency of successful trans- 
mission may lie in the wound or the infection court 
itself, 

\scospores, being sticky and well-suited for attach- 
ment to insect parts, probably are the spore form 
most important for insect transmission; however, oak 
sap did not dissolve the matrix. An insect might 
therefore arrive in a wound carrying ascospores 
attached to its body and depart again without depos- 
other than matrix 
dissolution may play a role in spore deposition. Spores 
could be brushed physically from the body parts into 
the wound, or the insect might remain long enough 
for spore germination and subsequent separation from 


iting the inoculum. Factors 


the matrix while spores are still attached to the insect 
body parts. A third possibility, which may achieve new 
significance in view of the present results, are the 
findings of Jewell (6) that conidia and ascospores may 
survive passage through insect alimentary tracts. In 
this instance, all that would be required would be 
deposition of fecal material within the wound. 

In no experiments did germination occur where 
present, indicating that free 
moisture or liquid sap may be prerequisite for success- 
ful invasion of the wound. It is net known if germi- 
nation occurs in the sap exuding from a wound, with 


free liquid was not 


subsequent germ tube proliferation into the xylem, 
or whether ungerminated spores are pulled into open 
xylem elements in the same manner as bacteria are 
introduced into leaf tips through hydathodes. In both 
cases, however, free liquid on the wound surface would 
be required. 

Once spores are deposited successfully in the infee- 
tion court and sufficient moisture is present, other 
factors may influence continued development of the 
germinating spore. Any microorganisms introduced 
into the wound by air currents or by various insect 
visitations would have the same opportunity for growth 
as the oak wilt pathogen. Dependent upon the types 
of microorganisms present. alcohols, acids, and other 
metabolic products would be produced, and available 
food supplies would be reduced. The latter factor may 
not be significant as long as moisture is present, since 
spores germinate in distilled and rain water; how- 
ever, toxic metabolic products may be very important. 
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The oak wilt fungus spore is incapable of germina- 
tion and growth at ethanol concentrations in excess 
of 5 per cent. Many yeasts are able to produce levels 
much higher than this. Tolerance to low pH suggests 
that acidity alone may not be inhibitory, but at low 
nutritional levels, spores are not able to germinate 
below pH . 
Considering the 


preceding, it appears that the 
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period during which a wound remains susceptible may 
be quite limited, being dependent upon sap flow and 
resultant free liquid in the infection court and upon 
the influence of other microorganisms within the infec- 
tion court. 
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AND CUCUMBER} 


Julius L. Heinis * 


SUMMARY 


\ virus was mechanically transmitted to cucum- 
bers from 20 of 23 cherry trees of which 22 were 
The degree of trans- 


mission varied with the different selections and 


infected with ring spot virus. 


sources of inocula. Transmission to cucumber from 
infected cucumber leaves, from young tip leaves of 
mahaleb. from peach, and from cherry was 34.6, 
4.3. 25.3 and 14.3 per cent, respectively. The 
over-all percentage of transmission was slightly, but 
not significantly, reduced when etiolated growth 
was stimulated by placing inoculated peach trees 


in the dark. 


The inoculum giving the lowest per- 


centage of transmission was obtained from flower 
petals, although with 1 source, RS 16, this was the 
only tissue from which transmission to cucumber 
was effected. The symptom reactions were grouped 
according to the degree of severity, and individual 
sources were compared on Bing sweet cherry, 
peach, and flowering cherry. The degree of severity 
of reaction on Prunus hosts was closely related to 
the reaction on cucumber. This strongly suggests 
that the virus recovered on cucumber from stone 
fruit sources is the ring spot virus of stone fruits. 





Considerable interest has been shown in the use of 
seedlings of cucumber (Cucumis sativa L.) as hosts 
l Accepted tor publication October oa. 1955 
\ portion of a thesis submitted to the Graduate School 
of Oregon State College, at Corvallis, in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy. 
Technical paper No. 933, Oregon Agric Experiment 
“ation. 

= Preset address, Division of Plant Industry, State 
Department of Agriculture, Salem, Oregon. The author 
is indebted to Dr. J. A. Milbrath for his counsel and advice 
in this project, and to Mr. H. H. Millsap for the photo 


graphic work. 


for differentiating strains of the virus or viruses that 
are transmissible to cucumber from stone fruit hosts 
infected by ring spot virus. Successful transmission 
from stone fruit hosts to cucumber was first described 
by Moore, Boyle. and Keitt (5) in 1948. They used 
young leaves of sour cherry trees as a source of 
inoculum. Milbrath (4) transmitted a virus from 
cherry flower petals to cucumber. Among 57 species 
of herbaceous plants Boyle, Moore, and Keitt (1) 
found only cucumber and squash susceptible to the 
virus from stone fruits. 

Varney and Moore (6) investigated the effect of 
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temperature on symptom expression ol the cherry virus 
in cucumber. In 1953 Willison and Weintraub (8) 
and Weintraub and Willison (7) described a standard 
technique for the inoculation of cucumber cotyledons 
with which the infectivity of infectious juice could be 
evaluated. The results obtained when buffers were 
used did not vary markedly from those obtained when 
water was used as a diluent. These authors also found 
that cucumber plants tend to become less susceptible 
as they grow older 

The present investigation was made to determine 1) 
which of the Oregon State College selections of ring 
spot virus were mechanically transmissible in juice to 
differences in reactions on 


cucumber: 2) whether 


cucumber of virus from different sources indicated dif- 


ferences in virus strains; and 3) to obtain indirect 


evidence on the identity of the virus or viruses that 
are mechanically transmissible from these sources to 
cucumber 

MATERIALS AND METHODS The virus material used 
in these studies was obtained from a group of cherry 
trees growing on the Botany and Plant Pathology farm 
at Corvallis. Oregon. These trees were chosen because 
their index history on ornamental flowering cherry 
indicated virus responses ranging trom no reaction to 
enough to kill the test tree. The 


selections were numbered from RS 2 through RS 24, 


and their previous history was recorded (2) 


a reaction severe 


j 


Young leaves and flowers were collected for use 


in the tess on mechanical transmission in juice to 
cucumber. On 7 trees. the mahaleb rootstock had 
sprouted, and young leaves and flowers from these 
also were included in this experiment 


Muir peach seedlings were inoculated by budding 


in late summer 1953 with each of the 23 selections 
During the dormant season they were potted and 
taken into the greenhouse in series at 3 successive 
dates, starting January 5, 1954, for use as sources of 


inoculum for the cucumber tests Two series consist- 
ing of 23 plants each were placed on a bench, and 1] 
set was grown in the dark to initiate etiolated growth. 


Vechanical inoculat cucumbers with infectious 


Since Hobbs ) has shown that 46 out of 


juice. 
17 varieties of cucumber tested are susceptible to 
necrotic ring spot virus, the variety National Pickling 
was chosen and no further testing of varieties was 
considered necessary The cucumbers were grown 
in standard No. 10 tin cans filled with soil to which 
uniform amounts of fertilizer had been added seven 
seeds were placed in each and covered with °*4 in. of 
sand. 

The plants were inoculated when they were 5-7 
days old. The inoculum was prepared by grinding 


tar and adding 1-3 drops 
phosphate buffer of pH 8.3. 
overed with Carborundum dust 


leaf or petal tissues 
of 0.2 M dibasic sod 
Both cotyledons were 


(400 mesh }). ind the lice was rubbed on with the 
finger. Each cotyledon received 6 strokes 


] 


Inoculation of rry and peach. Each virus source 


was inoculated onto 2-year-old Bing cherry and J. H 
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Hale peach trees. This was accomplished by T-budding 
the trees with 2-3 buds from the selected cherry trees, 
Two Bing sweet cherry and 5 peach trees were inocu. 
lated with each source. 

transmission to 
The incu- 


EXPERIMENTAL RESULTS. — Virus 
cucumber with various sources of inoculum. 
bation period on cucumber varied greatly with the 
different sources of inoculum. Symptoms appeared on 
inoculated leaves as early as 3 days after inoculation 
with RS 10, whereas other selections usually required 
5-7 days or longer. Symptoms usually appeared on 
noninoculated leaves after 8-10 days, but some virus 
strains were so virulent that they killed the plants 
as early as 7 days after inoculation. Final readings 
were taken 10-15 days after 
infected plants showed symptoms. 


inoculation, when. al] 


When cherry leaves were used as a source of 
inoculum, a virus was readily transmitted from 9 of 
the sources, whereas few or no transmissions were 
obtained from the other 14. When flower petals were 
used as source of inoculum, 5 of the 23 selections gave 
more than 10 per cent transmission, and a virus was 
transmitted from RS 16 with this kind of inoculum 
only. Leaves of inoculated peach proved to be a more 
reliable and satisfactory source of virus than cherry 
leaves, and transmission was readily obtained from 13 
of the virus sources. In 5 cases, increased transmission 
resulted with etiolated peach leaves as compared to 
leaves not etiolated. With 3 of 7 sources. transmission 
was easily obtained when mahaleb was used as source 
material; with RS 6 this proved to be the only source 
from which a virus was established on cucumber. 
Mahaleb flower petals were available from 4 sources 
and a virus was transmitted to cucumber from 1 of 
Despite the use of these different kinds of 
inoculum in over 80 attempts with each source, it was 


these. 


not possible to transfer any virus from sources RS 2. 
t, and 18 to cucumber. 

The highest percentage of transmission was obtained 
when infected cucumbers or mahaleb leaves were used 
as sources of inoculum (Table 1). These were followed 
in order by leaves of peach and cherry. Flower petals 
as a source of inoculum proved to be inferior. 

The first effects 
of virus presence in cucumber were either local lesions 


Symptom expression in cucumber. 


or general collapsing of tissues and wilting of the 


inoculated cotyledons. Local lesions first showed as 


Paste 1.—Percentage of transmission to cucumber of virus 


from various sources 


Plants Percentage of 

Virus source inoculated transmission 
Cherry leaves 308 14.3 
Cherry flowers 157 4.8 
Mahaleb leaves 67 34.3 
Mahaleb flowers 26 7.7 
Peach leaves 154 25.3 
Peach leaves (etiolated) 157 22.9 
Cucumber leaves 1105 $4.6 
Total 2574 24.2 
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HEINIS: RING SPOT VIRUS REACTION 


ON STONE FRUITS AND CUCUMBER 165 





Fic. 1-2. Various kinds of symptoms on cucumbers induced by mechanical inoculation with ring spot virus strains of 
tone fruit trees._-Fig. 1. Local lesions on cotyledonary leaves. A) Chlorotic lesions. B) Lesions with necrotic centers. 
C) Target spot lesions.—-Fig. 2. Symptoms on cucumber plants weeks after mechanical inoculation with strains RS 

24, and 10. A) Mottling of secondary leaves. B) Killing of the growing point. C) Dying of inoculated plants. 


small chlorotic spots (Fig. 1, A) and later faded into 
mottling. With 
RS 20. 21. 22). these local lesions had a necrotic 
center (Fig. 1. B) 
veloped concentric rings (Fig. 1, C). 


general chlorotic some sources 


) 


whereas others (RS 3. 13) de- 


Secondary symptoms were mottling of the secondary 
leaves. killing of the growing point. dwarfing, and 
rosetting. 

Based on symptom expression, 5 severity groups 
Table 2) were formed: 1) no symptoms; 2) mild, 
where cotyledons showed local lesions, some of the 
secondary leaves developed mottling, and the growth 
of the plant was slightly dwarfed (Fig. 2, A); 3) 
moderate, with local lesions on the cotyledons, mottling 


of the secondary leaves, and rosetting; 4) severe, 
where cotyledons showed local lesions. and the growing 
point was killed. causing extreme rosetting (Fig. 2. 
B); and 5) necrosis, where inoculated plants wilted 
ind died (Fig. Ae Oe 

Efiect of age of cotyledons on efficiency of trans 
mission, 


Cucumbers were planted in the usual way, 


and cotyledons were inoculated when the plants were 


9. 13. 16. 21. and 28 days old. Successful transmission 


resulted in all groups. and the percentage of trans- 
mission was as great in 22-day-old plants as in the 
younger plants, but symptoms were most severe when 
9-day-old seedlings were inoculated. Symptoms de- 
veloped much more slowly on cotyledons on older 
plants than on those on younger ones. It appeared that 
the virus moved slowly from the cotyledons to the tip 


3, A, B). 


Severity of virus reactions on stone fruit trees.— 


of the plant in older plants (Fig 


The symptoms were recorded in Table 2 according to 
their severity as follows: 1) no reaction; 2) mild, 
a term used only on flowering cherries, as indicating 
a mild and sometimes systemic reaction on either 
Shiro-fugen, on Kwanzan, or on both; 3) moderate, 
where leaf symptoms were mild, such as mottle leaf; 
1) severe, where there was some dieback and leaf 
symptoms. such as lace leaf, and the reaction on 
flowering cherry was positive; and 5) necrosis, where 
dieback was severe, often killing the trees. 

On flowering cherry, the classification was based 
on the combined response of Kwanzan and Shiro- 
fugen to each selection. Readings for the flowering 


cherry reaction were available at the beginning of this 





PR LIP LIS BIG IEE PS BE OT a Et Ae 


os 


™ 


SE TO SRS EET 





SAVE DS ONL BE BE RE 


166 





Fic. 3 


secondary 


leaves de veioped 


culated with RS 24, 21 days after planting. 


d. B) Cucumber plants inoculated with 


is 


{ 


PHYTOPATHOLOGY 


} 


llowed iter by dieback 





[Vol. 46 


The growing point was killed, and the 


RS 10, 21 days after planting. The tip 





Vol. 46 


nd the 
he tip 


5. Moorg, J. D., J. S. Boyte, anp G. W. 


March, 1956 


TaBLeE 2.—Ring spot virus reactions* on stone-fruit trees 
and on cucumber 
Virus Bing J.H.Hale Flowering 
source cherry peach cherry Cucumber 
BS 2 _ — 
3 + + + 4 
| n me | ae 
5 — ee 
6 4 _ 4 
7 £. <f, et 4 be 
8 + J af. 4 = 
y + de afer aad. bn 
10 +. ofp afe 4 ie oe 
1] 1 4 ms a = 3 
12 _ — 4 
13 + 4 o's 
14 + + af af 
15 4 \ 
16 a2 n 
17 1s \ \ 
18 4 a at rn Ew 
19 14 ee | ee a 
20 4.4) eae ee ae at 
2] rae aa ie a re ee 
22 ~~ —+— + + + + —4 +- —>- —+ 
23 crt TTT oe 8 +++ 
24 fb afin of +4 4 os 
‘The reactions are indicated as follows: —, no reaction; 
+, mild; ++, moderate; +++, severe; and ++4+4, 


necrotic. 
> Records kindly made available by Dr. J. A. Milbrath. 
©Dr. Milbrath obtained some transmission in 1955. (Un- 
published). 
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study in 1952, and a new reading in 1954 confirmed 
most previous records. With RS 3 and RS 13, a mild 
reaction was recorded in 1952 and a severe one in 
1954, which might be explained by a possible contami- 
nation with a new and more virulent virus or possibly 
by mutation or recombinations within the original 
virus strain or strains. 

Discussion.—The severity of reactions on cucumber 
apparently were correlated with those on Bing cherry, 
J. H. Hale peach, and flowering cherry. There were 
a few exceptions, for which there is no logical explana- 
tion at present. 

The data assembled in these studies strongly sug- 
gest that the virus that was transmitted to cucumber 
from stone fruit sources is the ring spot virus. There 
is a close correlation, with a few exceptions, of the 
behavior of the different virus strains in the host plants 
studied. What had been accepted as ring spot reaction 
in stone fruits was found to correspond with symptom 
production on cucumber. When a strain contamination 
was indicated in stone fruits, it also was detected on 


cucumber. 
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THE INFLLENCE OF 


SUSCEPTIBLE 


TEMPERATURE ON 





THE EXPRESSION OF BUNT IN 


AND RESISTANT WHEATS ! 


F. P. Zscheile 


SUMMARY 


Previou studies on effects of low temperature 
during germination and early growth of wheat on 
the expression of bunt, caused by Tilletia caries 
(DC.) Tul... were extended to include 9 pairs of 
varieties, with and without the Martin gene for 
resistance, and 5 rieties resistant because of othe 
specihc genes 

Seven days’ growth under blue lights after emer- 
zence and before transplanting to the field in- 
creased the average bunt expression in 9 susceptible 


field-sown con- 
Martin gene 
varieties were also bunted. 


that of 
ies with the 


146 per cent 


Three resistant variet 


varieties 
trols. 
and 2 
In another 


ove! 


. 9 
resistant Turkey 


series, pl inted earlier in the succeeding 


season, essentially identical averages were obtained, 


Poso 48, were bunted. General vigor and fertility 
of some susceptible varieties were decreased by 
inoculation. Martin wheat produced seed for the 
first time in our greenhouse experiments. 

Five varieties with the Martin gene, 1 with the 
Turkey gene, and 1 with the XY genes for bunt 
resistance bunted under low-temperature conditions, 

Five susceptible varieties of wheat were vernal- 
ized by low-temperature storage following the start 
of germination. They were inoculated with chlamy- 
dospores before and after vernalization and grown 
to maturity under laboratory, greenhouse, and field 
conditions. The effect of vernalization on expres. 
sion of bunt variable among varieties and 
depended upon postvernalization temperatures. 

Two genetic populations were compared under 
laboratory and field conditions. The average in- 
cidence of bunt was much higher under laboratory 
conditions, indicating possible application of such 
techniques to plant breeding methods. 

The necessity for temperature control during the 
entire life cycle of wheat seems essential for funda- 
mental studies on the nature of bunt resistance be- 
cause expression of resistance is conditioned by 
temperature at various stages in the development 
of the wheat plant. Varietal differences contribute 
to this need. 


was 





and the same Turkey wheats were bunted to a 
small degree. The difference in the 2 series was 
mostly between the 2 sets of field-sown controls: 
the bunt incidence was twice as high in the series 
planted earlier 
Iwo series of res I ind susceptible pairs of 
varieties were grown to the boot stage undet 
fluorescent lights at low temperatures (1°-22°C 
and then moved to the greenhouse. Incidence of 
bunt was not unusually high: however a high 
incidence of bunt was obtained in many susceptible 
varieties, and 2 resistant varieties. Baart 38 and 
Most of our studies § 12. 13) on the effects of 
environmental conditions on the development of bunt, 
caused by Tilletia caries (DM Tul.. have utilized 
Baart as the susceptible wheat and Baart 38 (10) as 
the resistant strain (resistance conferred by the M 
gene from Martin The effect of temperature has 
been emphasized \ logical question involves the 
extent to which other pairs of wheat varieties, | 
member having the Martin gene transferred by back- 


crossing, will show the same or similar responses to 


environmental variations Many such pairs ol suscepti- 


ble and resistant varieties were developed here by 

Briggs and co-workers and are available at this Experi- 

ment Station (1, 2, 9, 11] Genetic populations segre- 

gating for resistance are also available. These and 

several other varieties carrying bunt resistance due to 
Accepted for publication October 21, 1955 
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other genes (2) were compared as to growth and 
development but particularly as to bunt expression 
the 


easily 


in experiments designed to determine whether 


resistance of such varieties is more or less 


modified by exposure during early development to 
temperature conditions that lead to considerable ex- 
pression of bunt in Baart 38 (13). Subsequent growth 
to maturity was in the greenhouse or field. The effect 
of long vernalization before field or greenhouse plant- 


ing also was studied. 

EFFECT OF LOW TEMPERATURES DURING GERMINATION 
AND FIRST WEEK OF EARLY GROWTH ON PLANTS MATURED 
IN THE FIELD.—Methods.—The controls, Series 1, were 
planted in the field December 11, 1951. 4 in. apart 
in 16-ft. rows. The seeds had been dusted with many 
dry chlamydospores. The seeds used in Series 2 were 
inoculated similarly, planted on soil in flats (December 
t+, 1951). covered with vermiculite. and germinated at 
10°C. Germination required 10 days. 
plants were kept at 10-12 


The emerging 
for 7 days and irradiated 
20 hours each day with blue incandescent lights at 200 


foot-candles, as measured by a Weston Model 756 
Illumination Meter. They were transplanted to the 
field between December 21. 1951, and January 3, 


1952. 


the vermiculite at approximately the same time, even 


All plants of both series had thus emerged from 


ertility 


ed by 


or the 
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though they germinated at different temperatures. The 

series received different light and temperature con- 
ditions during the first week after emergence. They 
grew to maturity in the field at the normal season 
and under normal conditions for wheat in_ this 
locality. A plant was considered bunted if a single 
kernel showed any external evidence of chlamydo- 
spores (sorus formation). 

During the following season, efforts were made to 
increase expression of bunt in field-grown plants, with 
emphasis on susceptible varieties, Controls (Series 3) 
were grown as in Series 1 but were planted in the 
field earlier in the season, on November 13, 1952. For 
series 4, seeds were planted on October 23, 1952, and 
germinated at 12°C. Emergence from vermiculite 
began after 10 days and extended through 5 days. 
Twelve to 15 days after planting, the seedlings were 
t x posed for 7—9 davs to 2600 foot-candles under white 
fluorescent lights, supplemented by incandescent white 
lights. and kept at 12°. During the last week of 
exposure to light, the temperature ranged from 8 to 
11°. On November 13, the plants were transplanted 


of bunt in 26 wheat varieties sown direct 


L} & Incidence 


temperature in the seedling stage before transplanting 


Control plants (field-sown) 


Series ] 


(1952) 


Percentage 


Genefor No.of of plants 


\ ariety resistance plants bunted 
Baart 12 5 
Baart 38 \l 5 0 
sig ( lub 5 4 
Big Club 43 \I 19 0 
Bunyip 41 \ 35 0 
Escondido 10 10* 
Escondido 41 VI 35 0 
Federation 32 Y 
Federation 41 \l 16 0 
Martin \i 46 0 
Onas 25 32 
Onas 4] M 34 0 
Pacific Bluestem 37 M 1] 0 
Poso 32 y 
Poso 48 M 29 0 
Ramona 38 24 
Ramona 50 M 3 0 
Sonora 1] 27 
Sonora 37 M 35 6 
White Federation 29 38 
White Federation 38 \ 1] ) 
Rio R 25 0 
Selection 1403 H 8 U 
Turkey 3055 T 26 0 
Turkey 10015 Xy 27 0 
Purkey 10097 XW 36 0 
Average of susceptible varieties 28 29 


Bunt very prolific, spore masses protruding from the glun 
Every head on the 2 bunted plants was bunted. 

Only 1 of 16 heads was bunted on the only bunted plant. 
The nonbunted plant had only a blasted head; almost all t 
The 2 bunted plants had 3 of 11 and 3 of 21 heads bunte: 
‘Only 1 bunted head. 

One, 4, and 7 well-bunted heads per plant. 
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to dry soil in the field, 6 in. apart in rows, immediately 
before a %-in. rain. Thus the early postemergence 
environment of Series 4 differed from that of Series 
2 in that the light was of different quality (less blue 
and more red) and of higher intensity and the temper- 
ature was somewhat lower. 

Results.—Considerable difference in the incidence 
of bunt was found between the controls for the 2 
seasons (Table 1). Both average and extreme temper- 
atures in the field were lower during germination and 
for a considerable time thereafter in the late planted 
Series 1. The average air temperature from December 
through March was 8.5°C for this period of Series 1 
and 11° for that of Series 3. Average air temperatures 
during April and May, however, were 3.5° higher in 
Series 1 (17°) than in Series 3 (13.5°). Every suscep- 
tible variety but Ramona had a higher incidence of 
bunt in Series 3 than in Series 1, and the averages of 
all susceptible varieties show a 2-fold difference. Two 
resistant varieties, Sonora 37 and White Federation 38, 
had a low incidence of bunt in Series 1 but were 


not bunted in Series 3. 


ly in the field and in the same varieties subjected to lou 


to the field 


Plants subjected to low temperature 
before transplanting 


» 


; series 2 


“eres 5 


(1953) 1952) 


Series 4 
(1953) 

Percentage 
of plants 


Percentage 


of plants No. of 


Percentage 


No. of of plants No. of 


plants bunted’ plants  bunted' plants _ bunted 
20 80 24 100° 16 81 
26 0 
26 80 23 100 30 90 
18 0) 3 33 29 0 
18 0 
20 65 16 75 17 88 
24 0 
16 62 6 34 14 y7 
12 0 
29 0 
19 $2 15 17 18 61 
5 0 
17 0 
18 61 15 87 22 64 
25 0 
19 16 j 25 14 29 
17 0 25 4 17 0 
14 79 1] 15 15 73 
17 0 
24 12 ]2 83 19 21 
23 0 27 7 22 0 
26 0 
26 0 
9 0 20 10° 30 3° 
23 0 26 1] 26 12* 
26 0 
0) 9 14 72 18 63 
és, 


illers and seeds were bunted on 5 plants. 


1. 
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temperature conditions of Series 2 and 


The similar 
resulted 


suSsce ptible varieties, 72 


4 during the first 7-9 days after emergence 


in similar averages for the 


and 63 per cent, respectively \ lower incidence for 5 


of the 9 susceptible varieties was found in Series 4 
than in Series 2. It is possible that these susceptible 
varieties differ among themselves in their response 
to temperature treatments in relation to bunt suscepti- 
bility. The temperature-treated groups showed higher 
average incidence of bunt than did their respective 
controls, although the difference between Series 3 and 
Series 4 was not pronounced In the case of some 
varieties, differences between the incidence of bunt 


large, but the 


in Series 3 and that in Series 4 were 
incidence was not ilwavs highest in Series 1. 
Only Baart and Big Club were 100 per cent bunted, 


but 4 other varieties were bunted 75 per cent or more, 


which represented increases up to 10-fold over their 


respective controls 
Mature nonbunted seeds from Baart and Federation 
from 10 bunted varieties of Series 4 


of Series 3 and 


were examined for chlamydospores by the cotton blue 


method employed earlier (12). Those of Series 4 
included 10 seeds, 2 from each nonbunted head of 
plants having bunt on other tillers, from each of the 
varieties Baart, Onas, Sonora, Big Club, Escondido, 
White Federation, Ramona, Turkey 3055, and Turkey 


from Series 3. 


LOOLS; and Baart ind Federation ot 
Examination made also of 10 
plant, from nonbunted plants of each of the varieties 
Baart, Federation, White Federation, Ramona, Turkey 
3055, and Turkey 10015 of 1 and of Baart and 
Federation of Series 3. Not a single chlamydospore 


was found. 


| ol 2 per 


was seeds, 


“Series 


EFFECT OF LOW TEMPERATURES DURING GERMINATION 
AND PERIOD HEADING ON 
THE GREENHOUSI Uethods 


susceptible and resistant strains were 


BEFORI PLANTS MATURED IN 


In this experiment, the 
germinated and 
period at low temperatures 


grown for an extended 


with a light period varying from short to long as 
growth progressed. With approaching anthesis, plants 


environment with natural day- 


were moved to a warmé 
length to induce better development of head and seeds. 
Seeds for 


spores, planted in pots or 


inoculated with chlamydo- 
November 20. 1952. 


nation tests on the chlamy- 


Series \ wert 


and 
germinated at 12°C. Gern 


dospores placed on water agal demonstrated their 


viability. Noninoculated controls in equal numbers 
were planted at the same time to permit comparison 
with infected plants. Some varieties began to emerge 
on November 29, when lights (fluorescent supple 


turned on for a 10 
The 
varied from 18° with lights on to 12° during the dark 
The light 9500—2800 


dles, except around the edges of the group Of pots, 


indescent were 


mented with in 


4 


hour light period per 24-hour day. temperature 


period. intensity was foot-can- 


December 5. plants 


lower. On when 


} 


where it 
were 2 in. high. t 


from 12 


was 
was lowered to vary 
during the dark 
temperature 


e temperature 


7 


. when light 


S were I to 0.5 


period, During darkness. the minimum 
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After 2 weeks, 
the light period (and consequently the warmer peri- 
od) 
many plants began to develop tillers, the light period 
Fight 


where it remained. 


was unavoidably lower than desired. 


was increased to 12 hours. One week later. when 


was increased to 15 hours. days later. it was 


lengthened to 20 hours, On Janu- 
ary 13, 1953, all plants were watered with Hoagland’s 
nutrient solution. Temperatures declined to as low 
as | At this 


time, most plants were 10-14 in. high and had 3 til- 


during the dark period at this stage. 


lers each. Only Martin was short (4 in.). On January 
26, all but Martin began to elongate rapidly. On 
February 6, the maximum temperature was 12° and 
Between February 9 and 13, most 
plants were moved to the greenhouse. On March 5, 


Martin first began to elongate. When the plants were 


the minimum 7 


removed from the light panels, the light intensity 
varied from 1200 foot-candles at soil level to 2200 


close to the lamps, which at this time were touched 


by the tips of many plants. At some intermediate 
positions, the intensity was higher because more lights 
could contribute to the irradiation. 

1953, 


was not 


Seeds of Series B were planted February 10, 
and germinated at 7-12°. The temperature 
constant because of the effect of light periods for 
plants of Series A in the same room. Planting methods 
were the same as for Series A. On February 16, the 
plants were given a 12-hour day so that they would 
have light immediately upon emergence, which began 
on February 18. On February 20, the temperature 
reached 20—22°, and the light period was reduced to 10 
hours. On March 4, the temperature range was 10-18°, 
and plants were in the 3-leaf stage; the light period 
One week later, the light 
as the 


was changed to 12 hours. 
period was lengthened to 20 hours. As soon 
plants began to form heads (beginning April 7), they 
were placed in the greenhouse. By May 5, all had been 
transferred to the greenhouse, although Rio. Martin 
and the 3 Turkey wheats had not yet elongated and 
were only about 12 in. high. 

Martin was the last variety to form heads. Inocu- 
lated Martin finally headed on August 24, but the con- 
were harvested 
mature 


trol plants were more retarded. All 
October 8, although the controls had only 1 
head among many green ones. 

Results.—The susceptible varieties Escondido, Ra- 
mona, and White Federation, which were bunted only 
about 45 as much as Baart and Poso, are earlier va- 
rieties than Baart and Poso and usually grow more 
Under the conditions of this ex- 


matured at the 


rapidly in the field. 


periment, however, these 3 varieties 


same time as Baart and Poso. The susceptibility of 
these 3 varieties has not been greatly enhanced by 


the cold treatments employed thus far. 

In Baart of Series A, the bunted kernels were not 
as plump and well-filled as in Baart grown to matur- 
ity at 12°C (3), and are reminiscent of the small bunt 
balls found on Baart 38 under condi- 
tions. Martin had many small, dried tillers that did 
not develop well; in Series B, many heads were dis- 


grown those 
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torted and were incompletely emerged from their 
boots, and the inoculated plants matured earlier than 
the noninoculated group. indicating a possible effect 
of infection by the bunt fungus. Martin is a true 
winter wheat and had been grown in many previous 
experiments along with other varieties, but this ex- 
periment is the first in which Martin produced rea- 
sonably good heads and some seed in the greenhouse. 
No conditions we had previously tried had induced 
Martin to flower, but no such difficulty arose for de- 
rived spring wheat varieties carrying the M gene for 
bunt resistance. Martin usually tillers prolifically and 
repeatedly without flowering, because its light-tem- 


TABLE 2. Incidence of bunt in 26 wheat varieties subjected 


ferring to greenhou se 


Noninot ulated 


No. of No. of 


Variety Gene plants heads 
Series A 
Baart ll 15 
Baart 38 M 9 12 
Big Club 13 16 
Big Club 43 M 15 18 
Bunyip 41 \I 14 15 
Federation 15 15 
Federation 4] M 10 16 
Martin M 17 17 
Onas 13 15 
Onas 41 M 14 24 
Pacific Bluestem 37 M 12 12 
Sonora 13 15 
Sonora 37 M 10 14 
Susceptible average 13 15 
Resistant average 12 17 
Series B 
Baart 13 13 
Baart 38 \ a0 10 
Fscondido 12 12 
Escondido 41 M 13 13 
Martin M 12 16 
Poso 13 13 
Poso 48 M 12 12 
Ramona 13 13 
Ramona 50 M 9 10 
White Federation 15 15 
White Federation 38 M 12 12 
Susceptible average 13 13 
Resistant average ll 1] 
Rio R 12 15 
Selection 1403 H 14 14 
Turkey 3055 £ Y 1] 13 
Turkey 10015 XY 1] 26 
XW 3 9 


Turkey 10097 
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perature requirement for flowering has not been satis- 
fied. The differences between the resistant and sus- 
ceptible pairs of named varieties presumably are de- 
rived almost exclusively from the M gene for resist- 
ance. but few if any other qualities of Martin have 
been carried over into the derived varieties. 

Baart 38 and Poso 48 were the only resistant varie- 
ties that were bunted (Table 2). although these were 
not bunted extensively. Poso 48 is the fifth variety 
with the M gene to express bunt following low-tem- 
perature conditions. The average number of normal 
kernels per plant, an indication of vigor and fertility, 
was decreased considerably in many resistant varie- 


? . , 
to low temperatures from planting to anthesis before trans- 


Ino ulated 


No. of seeds 
Percentage examined 
of plants microscopi- 


Average no. 
of bunted 


No. of No.of kernels per 


plants heads bunted head bunted cally 
14 19" 11.6 79 1' 
1] 13" 0 10 
19 34" 15.5 100 

24 26 0 13 
16 15* 0 10 
15 23° 16.0 0) 14° 
18 19* 0 10 
22 25 0 10 
8 25 19.0 89 1° 
17 17 U 10 
16 19 0 5 
19 19 19.6 90 14° 
18 18 0 5 
7 24 16.3 82 
18 19 0.0 0 
14 18 10.0 71 1* 
16 16" 1.0 6 
1] 1] 11.8 36 
17 17 0 
17 18" 0 24 
13 15‘ 11.0 69 hs 
1] 11" 1.5 18 
15 15 12.0 27 
9 9 0 
14 14 13.4 6 10! 
13 13 0 
13 15 11.6 18 
13 13 2 5 
1] 1] 0 9 
13 13 0 
16 19 0 1] 
19 31 0 
g 17 () 10 


*The inoculated group headed earlier than the control group. 
>Two kernels were from head with 18 bunted kernels (both ends of kernels were examined). 
[he inoculated group headed later than the control group. 
4Two kernels from nonbunted head of plant with main stem bunted: 10 kernels from nonbunted head of plant with 1 


bunted tiller. 


© One kernel was the only whole kernel on a bunted head. 


t Twelve were from bunted heads. 


© Seed near top of head, adjacent to 1 of 13 bunted kernels. 


>A seed in the middle of a head having 15 bunt balls. 


'Two seeds were from middle of heads having 12 and 14 bunt balls. 








ties by inoculation, even though no expression of 
bunt was found in most cases. The average number of 
bunted kernels per bunted head is some measure of 


the vigor of the bunt fungus in producing chlamydo- 


spores. This was 10-fold higher in the susceptible 
group than in the 2 resistant varieties that were bunt- 
ed. The data for Baart agree well in the 2 series. 


Except for Martin and the Baart pair. comparison 
between the 2 series is not pertinent because different 
varieties were used, and conditions were somewhat 
different, for temperatures were higher in general in 
Series B. In many respects the conditions of Series A 
favored the growth of these 3 varieties more than did 
those of Series B. 

No evidence of chlamydospores was found during 
microscopic examination of the numerous seeds listed 
in the last column of Table 

EXPRESSION OF BUNT BY SUSCEPTIBLE VARIETIES AS IN 
FLUENCED BY VERNALIZATION Since it was found pos 
sible to break down the resistance of Baart 38 and to 
make complete the susceptibility of Baart (3, 13), it 
would seem possible that proper environmental condi- 
tions could be found that would reduce the expression 
of bunt in Baart and other susceptible varieties. This 
would increase the apparent resistance of a variety 
that is normally considered susceptible 

The effectiveness of vernalization, interpreted here 
as exposure of barely germinated seed to tempera- 
tures near freezing for a considerable period before 
exposure to favorable growing temperatures, in re- 
ducing incidence of bunt has been reported earlier 
(5.6). In the work reported here, several studies were 
made on prominent susceptible varieties of wheat to 
determine the effect of vernalization on the progress of 
T. caries in the wheat plant. Comparisons were made 
of general development and final expression of bunt 
between vernalized plants and control plants that were 
inoculated but not vernalized 

Incidence of bunt in vernalized susceptible varieties 
planted late-—1) Methods.—Seeds and bunt balls 
were surface-sterilized under vacuum with 5 per cent 
sodium hypochlorite solution for 10 minutes and then 
washed with sterile water The moist seeds were 
shaken with chlamydospores from crushed bunt balls, 
and were placed between sheets of moist blotting pa 
per in Petri dishes on February 5, 1952 The seeds 
then were kept in the dark at 12°C to germinate. Af.- 
ter 46 hours the seed coats had burst. The vernaliza 
tion period of 41% weeks at 0° in the dark then began. 
Other noninoculated seeds were placed in Petri dishes 
with moist vermiculite and germinated at 12° for 41 
hours. These were not treated with chlamydospores 
until after the vernalization period of 4 weeks. A con- 
trol series was inoculated by the usual method of 
dusting with dry chlamydospores and planted immedi- 
ately on April 17. Fifty seeds were used for each 
treatment. All were planted in the field, greenhouse, 
or laboratory, April 9-17. Seeds planted in 6-in. pots 
of sterilized soil for the greenhouse or laboratory con- 


ditions were covered with moist sterilized vermiculite. 
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Aluminum foil covered the pots to reduce water loss 
in the darkroom until emergence of seedlings. 

In the greenhouse, daylight was supplemented by 
incandescent lights at 150 foot-candles to make the 
light period 20 hours, and in the laboratory fluorescent 
white light (approximately 500 foot-candles) was used 
during the same light period. Laboratory conditions 
were similar to those employed by Griffith, Zscheile, 
and Oswald (3). The room had forced-air ventilation, 
but the temperature was not controlled. It averaged 
about 22°, with extremes of 18° and 27°. Plants were 
grown to maturity in each environment. When heads 
had developed sufficiently for readings of bunt to be 
taken, the season had advanced into the very warm 
weather of July and early August. 

2) Results.—Expression of bunt in the greenhouse 
was low (Table 3) and laboratory results were varia- 
ble. Plant growth in the greenhouse was not vigorous. 
Vernalization increased bunt in the laboratory but de- 
creased it in the field, whereas results in the green- 
house were intermediate. 

Griffith, Zscheile. and Oswald (3) reported chlamy- 
dospores in the interior of seeds that appeared exter- 
nally nenbunted. Therefore, 10 seeds each of Baart 
and Bunyip (from the greenhouse series) inoculated 
before vernalization, 10 seeds of Baart from nonbunted 
plants of this series (inoculated after vernalization), 
and 31 seeds from vernalized field plants were ex- 
amined after they were soaked in water, crushed. and 
stained by the cotton blue method (7). No evidence 
of chlamydospores was found. 

Incidence of bunt in vernalized susceptible varieties 
grown during normal season.—1) Methods.—The sea- 
son was very late when plantings reported in the previ- 
ous experiment were made, resulting in high mortality 
of the weakened seedlings. Therefore, an experiment 
was performed under more normal and favorable con- 
ditions. Germination was at 12°C for 50 hours, begin- 
ning October 26, 1952. Inoculation occurred after 
vernalization, and controls were more complete. Ver- 
nalization at 1-3° lasted 75 days for the laboratory 
and greenhouse series and 88 days for the field series. 
After inoculation, the 40 seeds of each variety were 
transplanted to the field, laboratory. or greenhouse. 
The field planting was postponed until January 22, 
because of wet soil conditions. The greenhouse tem- 
perature was about 23°. The daily range of the labora- 
tory temperature before emergence was 1°-6°. With 
an intensity of 640 foot-candles at the top of the plants 
from white fluorescent light supplemented by inecan- 
descent light, the diurnal temperature range was from 
2° to 11°. The light period was initially 12 hours, be- 
ginning January 14, 1953; on February 24, the light 
period was lengthened to 20 hours. As the laboratory 
plants began to head, they were moved to the green- 
house to provide better temperature conditions for 
fertilization. 

2) Results.—In the field, high mortality resulted in 
the vernalized group because of the long vernalization 
period and unfavorable soil conditions. The few sur- 
viving plants were not bunted. Fair survival resulted 
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Taste 3.—Incidence of bunt in 5 vernalized susceptible varieties of wheat planted late 
Number of plants with heads Percentage of Plants bunted 
Inoculated Inoculated 
Growth Inoculated Before After Inoculated Before After 
Variety location controls vernalization vernalization controls vernalization vernalization 
Baart Laboratory y 7 0 14 
Greenhouse } 27 14 0 0 23 
Field 42 6 6 15* 0 33 
Bunyip Laboratory 6 15 38 30 i) 30 
Greenhouse 12 20 58 () 
Field 36 13 8 
Federation Laboratory } 14 75 36 
Greenhouse 12 17 27 0 0 0 
Field 32 30) 7 g* 0 0 
Onas Laboratory } 15 24 0 27 +4 
Greenhouse 12 24 15 0 
Field 25 6 9 32" 0 0 
Sonora Laboratory 5 8 50 
Greenhouse 0) 2] 14 0 0 16 
Field 1] 5) 4 ig 0 


*These plants were reported above in the 


first experiment, under Series 1. 


They are not strict controls for this experi- 


ment but are representative of earlier plantings, during the same season in the field, of seeds dusted with chlamydospores, 


in both the greenhouse and laboratory, although leaf 
emergence was difficult in the greenhouse group. 
Vernalization greatly reduced bunt incidence in the 
(Table 4) but increased it under 
conditions in %4 of the varieties tested. 
Greenhouse plants were comparable in height to field 


laboratory group 


greenhouse 
plants. Microscopic examination of laboratory plants 
revealed no chlamydospores in 2 seeds from the only 
nonbunted Baart plant of the control group and none 
in 7 seeds from Onas plants having bunt on other 
tillers. 
COMPARISON OF GENETIC POPULATIONS 
\ 


genetic populations grown under controlled 
conditions of temperature and light that lead to 100 


UNDER LABO- 


RATORY AND 


») 


FIELD CONDITIONS. comparison was 


made of 


PARLE 4. 
rieties of wheat grown during normal season 


Incidence of bunt in 4 vernalized susceptible va 


Number of 
plants with 


Percentage 
of plants 


heads bunted 
Growth Vernal Vernal- 
Variety location Controls ized Controls ized 
Baart Laboratory 23 16 95 25 
yreenhouse 24 10 12 30 
Field 26 5 
Federation Laboratory 27 17 67 24 
Greenhouse 28 14 1] 8 
Field 15 13 
Onas Laboratory 36 15 70 10 
Greenhouse 2 16 5 19 
Field y=" 8 
Sonora Laboratory } 19 70 10 
Greenhouse } 17 6 18) 
Field 19 37 
Average Laboratory 30 17 75 25 
Greenhouse 29 16 8 21 
Field 21 8 


per cent expression of bunt in Baart and 0 per cent in 
Baart 38 (3) and of the same populations grown in a 
routine field test conducted in the usual manner. 

Vethods.—Dr. C. W. 
KF. lines thought to be homozygous for the X gene for 
10097 Baart) and 
of 3 Fs. lines (segregating for the M gene) from a 
cross between Baart and California 3028 (8) carrying 
the M gene. 

Seeds of 9 lines (2 
10°C. The plants grew 1 week at 10 


Schaller provided seed of 6 
resistance (derived from Turkey 


pots each) were germinated at 
under incandes- 


cent blue light, starting at 170 foot-candles. Then 
they were placed under laboratory conditions with 


white fluorescent lights providing 500-770 foot-« andles 
during a 20-hour light period. As growth proceeded, 
the lights were raised higher from the pots. In Janu- 
ary the temperature was 25° when the lights were on. 
After 2 March 3, 
moved to the greenhouse (with natural day-length). 

Results—lf_ the 
together in 1 group, they total 118 plants and 59 per 


(Table 5). 


above the highest incidence of bunt found in the field 


months, on 1952, the plants were 


laboratory plants are considered 


cent were bunted This percentage is well 
group in any one of these lines, representing 60 plants. 

Discussion.—The data demonstrate that an early 
cold treatment in the seedling stage may promote inci- 
dence of bunt in the field for 8 susceptible varieties, 
in addition to Baart (13). 
depends upon field conditions following transplant- 


The relative effectiveness 


ing of the treated seedlings. It appears that the nat- 
ural conditions, averaging 11°C for 4 in the 
field for the period of Series 3, produced an incidence 
for 
which the temperature was artificially controlled at 
11° for 7-9 days after emergence but before plant- 
ing in the field on the same date as the controls. 


months 
of bunt approximately equal to that of Series 4, 
Q 


oO 


It is interesting that a few plants of 3 of the resist- 
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’ - , ' 
Taste 5.—Incidence of bunt 2 genetic populations of 
wheat grown under laboratory conditions and under 


field conditions 


Percentag f 
p plants bunted 
\ her in tl held 
l f f plant ted 1952 1950 
F; Series (M gene) 
R36 13.0 7.1 
R38, 15 0) 12.6 8.1 
R42, | 100 17.9 8.9 
F; Series (X gene) 

] 17 4 14.3 

3 10 100 13.4 

6 16 Gi 1 

7 14 12 19.4 

8 16 a 23.1 

10 3 84 18.2 

Average (9 lines) 13 63 16.2 
Baart () (4 56.7 62.0 
"Bunt counts of ¢ W. Scl r, based on 60<plants for 

each strain in 1952 and on 40 plants in 1950 
"This laboratory experiment ith Baart (13) is the 
nearest approach to the specifi nditions of this experi 
ment. Whether Baart itures in the warm room or the 
greenhouse is immaterial if earlier conditions before 
anthesis were conducive to complet xpression of bunt. 
*Of 38 other inoculated Baart plants in 1 row in the 
field in 1952, 77 per cent were bunted. Of 41 similar plants 
in a row 15 rows distant, only 27 per cent were bunted. 
indicative of the variation in ed under field conditions. 


ant varieties carrying the M gene were bunted in Series 


2 and that a few plants of 2 such varieties were bunted 


in Series 1. Bunt in such plants may be of some sig- 
nificance, since 2 of the Turkey varieties containing 
other genes for resistance were bunted in both Series 
2 and 4. Those resistant varieties « irrying the M gene 
that were bunted in Series 2 were not bunted in Series 
4. By low-temperature conditions, 5 resistant varieties 
have been caused to « xpress bunt. 

In the greenhouse experiment, conditions were not 
favorable to bunt development in all varieties. Only 
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71-79 per cent of the Baart plants were bunted, and 
this comparatively low incidence is reflected in many 
other susceptible varieties. It is interesting that no 
bunt was produced in the 5 varieties with genes for 
resistance other than the M gene, in contrast to the 
appreciable but low incidence of bunt in Turkey va- 
rieties 3055 and 10015 described in the previous ex- 
periment. 

It appears that temperature conditions after ver- 
nalization may either increase or decrease the effect 
of vernalization on expression of bunt in susceptible 
varieties, 

In the tests on genetic populations, the difference 
in results between field and laboratory conditions 
illustrates further the great effect of environmental 
conditions on expression of bunt. The high average 
incidence of bunt in these genetic populations of the 
laboratory series agrees with results on Baart wheat 
and suggests possible application of laboratory or 
greenhouse techniques to plant breeding methods, 
especially in experiments where outdoor conditions 
are extremely variable from season to season. It seems 
likely that controlled conditions could be found that 
would give clear-cut differences in disease response 
between related groups of plants and permit the use 
of fewer plants than currently are required in field 
methods. 

Varieties differed considerably in their responses 
regarding bunt expression and these experiments 
illustrate further the need for long-term controlled 
environment in the study of questions involving ex- 
pression of bunt resistance in wheat. To neglect tem- 
perature control at any time during the entire life of 
the plant involves unpredictable effects that may vary 
greatly from one variety to another and confuse the 
interpretation of results. 
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CORRELATION OF RESISTANCE 


TO EIGHT 


PYTHILM SPECIES IN SEEDLING CORN! 


\. L. Hooker 


SUMMARY 


Any of several Pythium species may incite a seed 
The relative 
lines 


decay and seedling root rot of corn. 
ot 15 monoploid-derived diploid 
3 synthetic varieties of corn to pure-culture 


resistance 
and 
inoculations with 8 Pythium species was measured 
in quartz sand over steamed soil at 10°C. Correla- 
tion coefficients measuring the similarity of reaction 


of these corn strains to the various Pythium species 
and differences in reaction among corn strains to 
these species were highly significant statistically. 
These data indicate that resistance to Pythium in 
seedling corn is not highly specific but functions 


against several species. 





establishment are 
critical periods in the life cyve le of This is 


particularly true with corn as the plant makes little 


Seed germination and seedling 


a plant. 


compensation for over- or under-planting. 

Under adverse conditions, particularly sub-optimum 
soil temperature and abundant moisture. poor seedling 
stands of corn often are encountered. These are due 
to Pythium 


parasitizing the slowly germinating kernel and killing 


largely soil fungi, particularly species, 
the seedling before emergence. 

Disease severity in seedling corn varies in different 
soil types? and is influenced by crop sequence®. At 
least part of this variation in different soils is due to 
the different species of Pythium that normally inhabit 
Pythium species vary in their pathogenicity 
Hooker* investigated the rela- 


tive pathogenicity of 9 species of Pythium, including 


them?. 
on seedling corn? - 


those employed in this study, using 2 levels of host 
resistance, 3 temperatures. and 2 methods of inocula- 


tion. Significant differences in pathogenicity were 
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Tarte 2.—Correlation coefficients for reaction of 48 corn s 
P. splen P. gramir P 

Species compared dens colun 
P. debaryanun 0.799 0.686 
P. splendens 0.675 
P. graminicolum 
P. irregulare 
P, paroecandrum 
P. aphanidermat 
P. arrhenomanes 

All values were significant at the 1 pe t level. 


0. 


0 


shown by the various Pythium species under the main 
effects of the experiment as well as in the various 
interactions. 

These observations cast some doubt on the advisa- 
bility of the well-established practice among seed pro- 
ducers, seed-testing agencies, and corn breeders of 
stocks for Pythium resistance by 
testing only in natural soils found in their respective 
The of the investigation 
was to accumulate critical data on whether or not the 
reaction of corn strains to one species of Pythium is 
associated with their reaction to other Pythium species. 


evaluating seed 


localities. purpose present 


\ preliminary report has been published®. 
MATERIALS METHODS. — Forty-five monoploid- 
derived diploid of corn and 3 
synthetic varieties were selected as representing a wide 
range of host genotypes. Eight species of Pythium (P. 
aphanidermatum (Edson) Fitzp., P. arrhenomanes 
Drechs., P. debaryanum Hesse, P. graminicolum Subr., 
Fa Buis., P. paroecandrum Drechs., P. 
rostratum Butl., and P. splendens Braun) known to be 


AND 


homozygous lines 


irregulare 


pathogenic on corn were used. The reaction of each 
strain of corn to each Pythium species was determined 
in a series of 9 separate randomized complete block 
experiments, 1 for each species, and 1 check. 
Two-day-old fungus cultures on potato-dextrose agar 
were crushed and uniformly mixed with washed and 


sterilized quartz sand. Three replications, of 15 
kernels each, of each strain of corn were planted 
between 1%-in. layers of this mixture over sterilized 


soil {steamed 2 hours at 15 lb. pressure) in sterilized 


t-in. clay pots. Six petri-dish cultures provided suff- 


6 Hooker, A. L. 1953. Correlation of resistance to eight 
Pythium species in seedling corn. (Abs.) Phytopathology 
12: 476. 

stoé Pythinum species 
rreg P. paroecan- P. aphani- P. arrhen P. rost- 
are drum dermatum omanes ratum 
739 0.83 0.659 0.593 0.385 
889 0.910 0.893 0.667 0.410 
71 0.753 0.634 0.680 0.436 
0.958 0.909 0.725 0.431 
0.906 0.744 0.474 
0.659 0.381 
0.736 
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Taste 1.—Mean disease resistance indices* of 12 representative corn strains to 8 Pythium species at low temperature 


Corn strain P. debary P. aphani P. splen P. irreg- P.arrhen- P. gramin- P. rost- P. paroe- 
anum lermatum lens ulare omanes icolum ratum candrum 

159 15 15 15 15 20 15 28 15 

703 15 15 15 15 18 17 33 15 

1424 15 15 15 15 22 15 35 15 

601 15 16 15 15 2] 18 17 17 

1509 l6 22 16 18 23 15 38 17 

698 lp 17 21 23 32 21 17 27 

1546 2 8 25 28 38 25 34 25 

311 19 27 20 35 38 27 18 32 

1409 0) 8 29 23 10 23 5] 28 

822 3 4 27 36 50 29 58 1] 

920 8 6 2 36 18 33 64 +4 

99] 23 66 1 18 17 28 58 16 

LSD (0.05)' 3 6 } 6 7 5 7 1 
“Each index is the average of 3 replicates and within each replicate is the summation of the arithmetical values ob- 

tained when each of 15 seedlings was rated for disease resistance on a scale from 1 to 6. Lowest possible index (indicat- 

ing complete susceptibility) is 15 and the highest (indicating no observable infection) is 90. 


* Calculated from mean square for all 48 corn strains with each Pythium species. 


cient inoculum for 8 four-in. pots. Unseeded plates of | were smallest in those comparisons with P. rostratum, 
potato-dextrose agar were employed in the checks. which was weakly pathogenic. Many strains of corn 


Pots were uniformly watered to approximately 60 susceptible to the highly pathogenic species were in- 
per cent of water holding capacity and then placed at termediate in their reaction to P. rostratum. 


10°C for 7 days (10 days for P. aphanidermatum and Differences in stand and vigor among the 48 corn 
P. debaryanum) for disease development. At the end — strains in the noninoculated check series were small 
of this period they were moved to a warm greenhouse but. statistically significant. These differences, how- 
bench for seedling emergence and observation ever, showed little correlation with those in the in- 
At the 3-leaf seedling stage. roots were washed free  oculated series, indicating that the seed decay and 
of sand and soil, and notes of disease severity were diseased seedlings encountered in the inoculated series 
taken. Seedlings were separated into 6 disease severity were largely due to Pythium and were not the result 
classes and a resistance index determined for each of seed-borne fungi or low seed viability. 
entry by the summation of the following assigned Discussion.—These data indicate that in a breeding 
arithmetical values to each seedling: 1) seed decay o1 program involving selection for Pythium resistance in 
killing of plant; 2) most roots destroyed; 3) most of seedlings, it should be sufficient to evaluate breeding 
root tips destroved. severe lesions on remaining por- material with a single highly pathogenic species. If 
tions of roots: 4) distinct lesions on root tips and re- this is done, one could be reasonably certain that re- 
maining portions of roots: 5) small necrotic lesions on — sistant selections would also be resistant to the other 
root tips; and 6) no observable infection. Analyses species. This practice may result, however, in the dis- 
of variance and correlation studies were made using carding of certain host genotypes that might produce 
these values from all 48 corn strains. satisfactory stands in soils where only weakly patho- 
EXPERIMENTAL RESULTS Significant differences genic Pythium species occur. If the general level of 
were measured among the 48 corn strains in their Pythium resistance is low in the genetic stocks, consid- 


reaction to disease incited by each of the 8 species eration might be given to their evaluation with a 
of Pythium. Most of these strains were relatively sus- weakly pathogenic Pythium species. It should be 
ceptible to most Pythium species under the conditions realized, however, that some of the selections made in 
of the experiment or, from another viewpoint, most this way might prove to be unsatisfactory when plant- 


Pythium species were relatively pathogenic on these ed in soils inhabited by highly pathogenic species. In 
corn strains. The lowest levels of disease were en- any case. a high level of host resistance would be most 
countered with P. rostratum and P. arrhenomanes,  4esirable. 
Nine of the 48 corn strains showed marked resistance, These data also indicate that seed lots with good 
and 9 were extremely susceptible. A sample of the ratings when tested at low temperatures in a single 
data obtained is presented in Table 1. soil containing 1 or more highly pathogenic species 
The 28 possible correlation coefficients (r), calcu- should produce satisfactory seedling stands when 
lated to determine if the reactions among the 48 planted in other soils. Corn seedling resistance to 
strains of corn when inoculated with 1 Pythium spe- Pythium does not appear to be specific for 1 fungus 
cies were correlated with their reactions when inocu- genotype but is effective against genotypes of several 
lated with another species. were all significant at the Pythium species. 
1 per cent level (Table 2). The r values were large 


in those comparisons between species within the highly , z 
DEPARTMENT OF BOTANY AND PLANT PATHOLOGY 


7 lowA STATE COLLEGE 
reaction of the corn str ins to these species, They Ames, lowa 


pathogenic group, indicating a strong similarity of 
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PHY TOPATHOLOGICAL NOTES 


{ Note on the Use of Radiaion for the Production 
of Mutations for Victoria-blight Resistance in Oats. 
CaLvin F. Konzax. The genetic studies of Litzen- 


berger.' Finkner.- and Welsh et al* have shown that in 


the oat variety Victoria, and in certain of its hybrid 
derivatives. resistance to crown rust (caused bv Puc- 
cinia corenata Cda. var. avenae Fraser & Led.) is 


closely linked with susceptibility to the blight caused 
by Helmint/esporium sativum Pam. King, & Bakke 
var. victoriae (Meehan & Murphy) Wiser, & 
York. The failure to find strains carrying blight re- 
sistance and the Victoria-type of crown rust resistance 


Rosen, 


suggested to Litzenberger' that the 2 disease responses 
were pleiotropic effects of the same gene. If this is so, 
the recovery of strains possessing the desired reactions 
to both diseases would be impossible without the muta- 
tion of that gene to a different allele. Certain recent 
observations, however, do not appear to support this 
hypothesis. In our tests, for example. it wes found 
that 2 Victoria-blight susceptible F. lines from the 
1801 Exeter Cl 4158 reacted differ- 
ently to 2 races of the crown rust fungus. These selec 
tions were obtained through the kindness of Dr. J. N. 
Welsh. Winnipeg. 
them for Victoria-blight susceptibility and resistance 
fungus 


cross Garry Cl 


Canada, who originally selected 


(Victoria-type) to race 4 of the crown rust 
(now a component of race 238. under the new classi- 
fication). It was found that selection No. 73, like its 
Garry parent, showed a Victoria-type reaction to race 
57 (now a component of race 202) as well as to race 
211. Selection No. 19, on the other hand, showed the 
Victoria-type reaction to race 57, but gave a 0 reac- 
tion? to race 211. This evidence seems to suggest that 
a complex genetic locus, perhaps similar to the R locus 
in maize studied by Stadler.4 is responsible for the 
Victoria-type reactions to the crown rust fungus and to 
H. sativum var. victoriae. If this is true, it should be 
possible, even though difficult, to recover in blight- 
rust resistance of 


strains all of the crown 


the Victoria variety. 


resistant 


Our irradiation program was initiated to study the 
blight and 
crown rust resistance in oats and to determine if radia- 


genetics of the associated susceptibility 


tion might be useful for the mutation of one of a num- 


{t resistance to 


1 Litzenberg 1949. Inheritance o 
pecific races of crown and stem rust, to Helminthosporium 


blight, lowa 


er, 2. « 
g and of certain characters of oats 
Agr. Exp. Sta. Res. Bul. 
*Finkner, V. C. 1953. 


Helminthosporium victoriae in 


agronomic 
570, p. 453-496. 
Inheritance of susceptibility to 


ing Victoria 


crosses Invol 


and other crown rust resistant oat varieties. Agron. Jour 
15: 104-406. 

3 Welsh, J. N.. B. Peturson, and J. E. Machacek. 1954. 
Associated inheritance of reaction to races of crown rust, 
avenae Erikss., and Victoria blight, 
toriae M. and M., in oats. Canad 


Puccinia coronata 
Helminthosporium vi 


Jour. Bot. 32: 55-68. 


*Stadler, L. J. 1954. The gene. Science 120: 811-819 
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lane 1.—Frequency of Victoria-blight resistance mutations 
induced in Tama oats by radiations 


Number of progenies 


Seed treatment Tested Showing mutants 
Thermal neutrons 

(15 & 10"Nie/cm’*) 279 6 
Thermal neutrons 

(7.6 * 10"Ne/cm’*) 363 j 
X rays (25,000 r) 122 3 
Control (no irradiation) 140 0 


ber of closely linked genetic factors. In these studies, 
Victoria-blight resistant mutations were selected from 
among the progeny of irradiated seeds of susceptible 
varieties by means of a seedling-infection technique 
(Fig. 1). Tests were then made to determine the re- 
action of the mutants to races 57, 203, and 211 of the 
crown rust fungus. Crosses between mutants that re- 
act differently to the rust fungus, between mutants and 
the original variety, and between mutants and a blight- 
resistant, rust-susceptible veriety will subsequently be 
made to study the genetics of the mutant characteris- 
tics. 

The progress made to date shows that blight resist- 
Data on the frequency of 


readily induced. 


blight-resistant mutants in the Tama oat variety pro- 


ance is 
duced by X-rays and thermal neutrons are given in 
Table 1. More recent tests have yielded blight-resist- 
ant mutants in the Park and Victoria varieties as the 
result of seed irradiations with X-rays, fast neutrons, 
and thermal neutrons. 

Crown rust tests of induced blight-resistant mutants 
are still in progress. The results of the tests already 
completed show that most of the blight-resistant mu- 
tants are susceptible to crown rust. This evidence con- 
studies that that 
linked in their inheritance. 
mutants have shown either a type 1, 2. or 3 re- 
tested (Table 2). The results of the 
rust tests are preliminary and have not yet been con- 


firms the genetic had shown earlier 
the characters were closely 
Other 
action to the race 
firmed. Also, any interpretation of data must take into 
account the greater genetic variability of the rust or- 
ganism than is obvious from the present practical race 
identified on differ- 
2 cultures belonging to the same race 
These unlike 


reactions must have a different genetic basis 


concept. As rust races are now 


ential varieties. 


may produce unlike disease reactions. 
(n attempt was made in these studies to use collec- 
that best identify the 


However. since the 


tions of the rust fungus would 
specific Victoria locus concerned. 
or actually a num- 


the ‘ ollec- 


locus may be genetically complex 
ber of pseudoalleles, it is not ceriain that 
tions used were adequate 

Most of the seed-fertile, 
but the 2 plants showing the type 1 rust reaction were 


A single 


mutants have been fairly 


almost completely sterile seed has been ob- 
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tained from 1 of these plants 


The results obtained 


for the complex-lo« 


TapLe 2.—Reactior 
mutants to 


Selection no. 
[ 546-2 
T 546-3 
T 556-23 
T 556-78 
T 556-86 
T 556-15 
T 556-250 
T 556-268 
T 553-67 
T 553-92 
T 553-97 
T 553-263 
T 5525M-7 
T 5525M-12 
* Disease reaction 
from resistance 


note 1). 


Colle ‘ tions obt ine 


Canada. 
© Collections obtai 


variety is grown 
ippear to offer some support 
, 
us hypothesis, although they are 
J for ( gh t resistant Tama oat 
CCS } Puccinia coronata var. avenae 
Reaction types 
Ra Race 203 Ra 4g 
} 
; } 
| } 
} } 
| 
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n n 0 to 4 designate range 
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appearance of blight-resistant mutants in the neutron-irradiated 
in the end-row on the right for a check on the fungus culture. 


on 





Peet ' 


. . 4 





: 


Tama oat progeny 


far from conclusive. With the number of mutants test- 
ed, it could hardly be expected that any plants having 
the desired qualities would be found. Blight resist- 
ance could, and in many instances probably does, oc- 
cul result of a radiation-induced loss of the 
chromosomal segment carrying the loci under study. 
The indicate that a far number of 
blight-resistant mutants will need to be selected and 


as the 


results greater 
tested with the crown rust organism before more posi- 
tive results can be hoped for. If the results with ioniz- 
ing radiations remain negative, it is still possible that 
radiation and 
chemicals, may De- 
partment of Biology. Brookhaven National Laboratory, 


Upton, Long Island. New York. 


other mutagens, such as_ ultraviolet 


produce the desired mutation. 


Cephalosporium Stripe Disease of Wheat in VB ash- 
ington. G. W. Brueni. A winter wheat 
apparently previously unreported in the United States 


disease of 


was observed! on wheat in the milk stage during June 
July of 1955. The disease is characterized by 
long whitish stripes with irregular margins on other- 


and 


iP. M 


tions, 


Halisky aided in making the original field collec- 
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Fic. 1. Detached blades of Elmar, a white winter club 
wheat. The 
> blades on the left exhibit the diagnostic chlorotic stripes 


wheat, showing symptoms of stripe disease of 


against a dark green background. The 3 blades on the 
right are in various stages of reduced vitality with gen 
eral chlorosis developing. The fifth leaf is yellow except 
for “green islands.” This is the stage easily confused with 
wheat streak mosaic. 


wise dark green fully expanded blades. These stripes 
extended down the leaf sheaths. Individual vascular 
bundles in the sheaths and culms were brown, and 
nodal tissues were darkened. Blades had from 1 to 
+ stripes. Stripes usually occurred on more than 1 
blade of the same shoot, and the continuation of the 
stripes into the sheaths as well as discoloration of 
bundles in the sheaths and culms indicated a general 


infection ot the shoot. The well-defined stripes broke 
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down as the blades became senescent or weakened. 
They were replaced by a general progressive mottled 
chlorosis and yellowing suggestive of wheat streak 
mosaic, but ended in almost complete yellowing of 
the leaves (Fig. 1). Culms of severely diseased white 
winter club wheat plants were usually 6-12 in. shorter 
than those of adjacent, apparently healthy plants, and 
the heads were small and either empty or poorly 
filled with light-weight shrunken kernels. Plants with 
distinct leaf striping have been observed in Lincoln, 
Spokane. Whitman, Columbia, and Klickitat coun- 
ties, in both dryland and relatively humid areas. 

\ fungus identified as Cephalosporium gramineum 
Nisikado & Itaka was isolated consistently from leaf 
and culm tissues of 4 field collections from different 
sections of the state. The tissues were surface dis- 
infected with a mixture of sodium hypochlorite solu- 
tion and 90 per cent ethyl alcohol and plated on both 
potato-dextrose agar and non-nutrient agar media. 
This fungus was visibly emerging from cut ends of 
vascular bundles 4-5 days after plating. Unless host 
tissues are free of secondary fungi, this pathogen is 
quickly overgrown. 

An apparently identical disease of winter wheat was 
described in Japan by Nisikado et al* and its causal 
organism named Cephalosporium gramineum. The 
Washington isolate is morphologically similar to the 
Japanese isolate. In both cases, spore-heads are 
formed readily within the matrix of the medium. 
Aerial mycelium is sparse. On potato-dextrose agar, 
the colonies are white when grown in the dark and 
appear whitish with tan. buff. and gray shades when 
grown in diffuse daylight. Mycelial development is 
slow, but sporulation is abundant, the mycelia becom- 
ing yeasty in appearance with radiating furrows. The 
mean size of 80 primary conidia of a typical isolate 
on 3-week-old cultures, on potato-dextrose agar at 
13°C. was 2.044 * 7.044. The mean spore size of 400 
conidia of the Japanese fungus.* from 3-week-old cul- 


tures on the same kind of medium at 20° C. was 2.10 


7.254. The 4 Washington isolates averaged about 
0.7 mm daily mycelial growth on _ potato-dextrose 
agar at 13°C in a 15-day period. This is a little 
slower than that reported for the Japanese isolates. 
In view of the similarity of symptoms, of spore mor- 
phology, and of mycelial growth characteristics of the 
pathogen, it seems probable that the Washington 
s.ripe disease of wheat is similar to that reported in 
Japan. 

Spore suspensions injected into the base of a young 
Baart wheat plant resulted in infection, with symp- 
At this 
time, browning of a vascular bundle extended into the 


toms first observed 15 days after inoculation. 


2 Nisikado, Y.. H. Matsumoto, and K. Yamauti. 1934. 
Studies on a new Cephalosporium, which causes the stripe 
disease of wheat. Ohara Inst. f. Landw. Forsch. Ber. 6: 
275-306. 

3 Nisikado, Y., and T. Higuti. 1938. Comparative studies 
mn Cephalosporium gramineum Nisikado et Itaka, which 
auses the stripe disease of wheat, and C. acremonium 
Corda. -Ohara Inst. f. Landw. Forsch. Ber. 8: 283-304. 
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blade of the fourth leaf more than 4 in. from the 
point of puncture. In 16 days, intermittent brown 
segments of the diseased vein occurred beyond the 
area continuously discolored, suggesting that this 
rapid linear progress resulted from conidia being 
carried up the transpiration stream. At this time, 
stripes extended the entire length of the diseased leaf, 


and the leaf was flaccid. Shortly thereafter it col- 


lapsed. In 30 days, the first 4 leaves were chlorotic 
and blighted. An older plant of White Winter barley 
(about 6 in. tall) was similarly inoculated. In 20 days, 
typical stripes developed on the fifth and sixth leaves. 
These and other inoculations have proved the patho- 
injections of 


genicity of the fungus. Hypodermi 


spore suspensions were successfully employed in the 
Japanese studies*. The method of infection in the 
field is unknown.—Department of Plant Pathology, 


State College of Washington. Pullman, Washington. 


Sporulation of Cercospora Species on Carrot Leaf 
Decoction Agar. R. A. KitpatrickK AND Howarp W. 
Jounson!. Attempts to obtain sporulation of Cerco- 
spora kikuchii (T. Matsu. & Tomoyasu) Gardner in 
artificial culture have been unsuccessful.?:* Mura- 
kishi*t tried 15 different types of media but failed to 
Nagel”? and Nagel and Dietz®, 


working with C. beticola Sacec., found mycelial trans- 


obtain spor ulation 


fers resulted in sterile hyphae, whereas spore transfers 
yielded colonies that produced abundant sporulation. 
Diachun and Valleau? 
nicotianae Ell. & Ev. by using a steamed tobacco leaf 


obtained sporulation of C. 


decoction mixed with 1.2 per cent agar. 

This study was made in an effort to obtain sporula- 
tion of Cercospora species in culture. Particular atten- 
tion was devoted to C. kikuchii from soybeans, but 
other species of Cercospora isolated from different 
hosts also were included. Preliminary results have 
been reported earlier.® 
ospora obtained from 14 
n different kinds of plant 


Twenty-two isolates of Cer 
different hosts were grown 


1 Pathologist and Senior Pathologist, respectively, Field 
Crops Research Branch, Agricultural Research Service, 
U. S. Department of Agri ind Mississippi Agricul 
tural Experiment Station, ¢ perating 

“Gardner, M. W. 1927. Indiana plant diseases, 1925. 
Ind. Acad. Sci. Proc. 36: 231-247 

3 Johnson, H. W., and B. Koehler. 1943. Soybean dis 
eases and their control. U. S. Dept. Agr. Farmers’ Bul. 
1937, 24 p. 

* Murakishi, H. H. 1951. Purple seed stain of soybeans. 
Phytopathology 41: 308-318 


ia production in species of 


5 Nagel, C. M. 1934. Conid od 
Cercospora in pure culture. Phytopathology 24: 1101-1110. 





6 Nagel, C. M.. and S. M. Dietz. 1932. Sporulation of 
five species of Cercospora in pure culture. Abs.) Phyto- 
pathology 22: 20. 

7 Diachun, S., and W. D. Valleau. 1941. Conidial produc 
tion in culture by Cercospora nicotianae. Phytopathology 


41: 97-98. 

8 Kilpatrick, R. A.. and H. W. Johnson. 1953. Purple 
stain of legume seeds caused by Ceré ospora isolates, ( Abs.) 
Phytopathology 43: 47 
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decoction agar. Tests were made with the following 
species: C. brachiata Ell. & Ev.. C. canescens EIlL. & 
G. Martin; C. capsici Heald & Wolf®: C. 
Hard; C. kikuchii (T. Matsu. & Tomoyasu) Gardner; 
C. penniseti Chupp; C. pueraricola Yam.; C. sesami 
Zimm.; C. sorghi Ell. & Ev.; C. stizolobii Syd. & P. 
Syd.; and C. zebrina Pass. All isolates were main- 
tained on potato-dextrose agar as stock cultures until 


festucae 


this study was started. 

\ modification of Diachun and Valleau’s method? 
was used. Media were prepared from steamed leaves 
of soybean, turnip, magnolia, and carrot. and from 
steamed carrot roots. To prepare the medium, 300 g 
of the plant tissue was ground finely in a food chopper 
and added to 500 ml of distilled water. The material 
was steamed without pressure for 1 hour and then 
strained through 2 layers of cheesecloth. The strained 
decoction was added to 500 ml of distilled water con- 
taining 12 g of dissolved agar. and the velume was 
adjusted to 1 liter with distilled water. 

Following sterilization, approximately 25 ml of each 
kind of plant decoction agar was poured into separate 
Petri dishes. Just before solidification, mycelial trans- 
fers were streaked in the liquid agar. The medium was 
agitated briefly in the dish before being set aside to 
solidify. The dishes were covered with wet towels 
and held at fluctuating room temperatures for 3-5 
days. They were then examined microscopically. 

Sporulation was observed on 3 kinds of media within 
3-5 days following inoculation. Soybean leaf agar and 
turnip leaf agar were slightly favorable for sporula- 
tion of 3 isolates, em i; pueraricola, C. kikuchtt from 
soybean seed (August 18, 1952, isolate) and C. zebrina 
(from Trifolium ambiguum). On the other hand, all 
of the isolates tested produced spores on the agar 
medium prepared from carrot leaves steamed without 
pressure’ for 1 hour. The spores were found only at 
the edge of the colonies before the fungus had de- 
veloped a heavy growth of mycelium. Sporulation did 
not occur on the medium prepared from carrot roots, 
steamed with or without pressure. nor on the medium 
prepared from carrot leaves sterilized under pressure. 
Apparently the substance in carrot leaves that induces 
sporulation was changed chemically by pressure 
sterilization. 

The Cercospora species tested and the degree of 
sporulation that occurred on steamed carrot leaf 
decoction agar are summarized in Table 1. Length 
of time isolates had been maintained as stock cultures 
did not affect sporulation, although it is evident that 
the degree of sporulation varied with different isolates 
within species, as well as among species. Other factors 
that appeared to influence sporulation were depth of 
agar and exposure to light. When isolates were trans 
ferred to Petri dishes containing only 10-15 ml of 
agar, sparse sporulation was observed, whereas in 
those dishes containing 25—40 ml of agar, more abun- 
dant sporulation was obtained. Cultures in Petri dishes 


® Obtained from Dr. W. W. Hare, Mississippi Agricul- 
tural Experiment Station, State College, Mississippi 
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ig TABLE | De gree oft sporulation of Cercospora species on TABLE l. Damping-off losses in pine seedlings grown in 
& carrot leaf decoction agar seed beds pretreated with Granosan 
le ‘ 

a Degree Percentage loss in seed bed* 

- of Pine species Granosan treated” Untreated 

u Date of sporu 

> ; ‘ 4 

P. Species Source of isolates solation lation! P. radiata 95,2 92.2 

n- P. patula 87.6 74.8 

i] (. brachiata {maranthus retroflexus 88.7 78.1 
(leaf) 10/27/92 ++-4 80.8 76.6 

( anescens Dolichos lablab Ueaf) 9/29/52 se aie | 42. 3 28.0 
1? (. capsic Capsicum frutescens (leaf) 9/11/52 + + 94.] 62.5 
PS (_ testucae Festuca arundinacea (leaf) 3/6/52 + 59.9" 50.0 

C. khikuchi Giycine max (stem) §/31/52 
im (petiole) 9/8/52 4 lotal seedling loss includes 20 per cent nonviable seeds 
£ (stigma) 10/1/52 Lt in batches sown (both species). 

Pr (seed) 12/15/50 +4 The symbols * and ** indicate results from treated 
al (stem) 3/31/52 14 plots differing from those of untreated plots at the 5 per 
ne (eeed) 8/18/52 cent and 1 per cent levels of significance, respectively. 
(leaf) 10/8/52 4 

(leaf) 10/8/52. +4 

n- (funiculus) 10/11/52. +4 Isolation of pathogens from diseased plants from the 
as (, penniset hepa a5 he (leaf) ~ “ >I ors treated and untreated plots has shown that R. solani 

(. pueraricola Puerarialobata (\eaf) 0/17/52 ++ 

onesies ‘ ~9 and P. ultimum occurred at about the same frequency 

. (.. sesan Sesamum indicum (leat) 9/16/52 +--+ ; 

a pees Sorghum halepense (leaf) 10/17/52. 4 in both. A range of Granosan dosages were compared 

te C. sorghi Sorghum vulgare (leaf) 10/18/52 +4 for this effect in a later experiment in which statisti- 

eC pupae oo 3 webitaneuaal cally significant increases in disease were obtained 
( 10/8/52 + + eer: . e ‘ 

as eat) following dosage with 0.15, 0.30, and 0.60 per cent 

« zebrir Trifolium subterraneum : - ° : ‘ 

8 (leaf) 1/28/52 +4 suspensions, but not following 1.20 per cent, indicat- 
Is T. ambiguum (leaf) 9/16/52 - ing that the effect was confined to lower dosage rates. 
0 lr. incarnatum (leaf) 12/27/51 ee sil Riker et al* have reported similar observations to 
; | Degree of sporulation within 5 days after transferring to these, but have not investigated the matter further. 
in edium in Petri dishes was classed as spare (+), moderate Such effects could arise in 3 days: 1) Through an 
id ++) abundant (+++) increase in susceptibility of the host plant because of 
a- injury or a slowing down of growth rate resulting in 
m exposed to daylight sporulated more abundantly than an increased period of susceptibility such as described 
rd did these in dishes incubated in darkness: however. by Booer®; 2) by a selective effect within the soil 
Ml | darkness did not suppress sporulation completely. microflora favouring an increased rate of spread of the 
ar Delta Branch, Mississippi Agricultural Experiment pathogens through the soil, 3) or by a direct stimulus 
ul Station, Stoneville, Mississippi to the growth of the pathogen from a weak dosage of 
at Granosan. 
e° The first possibility is subject to the following ob- 
id servations. No sign of damage to seedlings following 
S, in Anomalous Effect of Soil Treatment with Ethyl- treatment was found in the course of experiments 
m MeCECUTY Phosphate on the Incidence of Damping-off menthk ned above. \ control experiment was <¢ irried 
e. in Pine Seedlings. 1. A. S. Gipson. Unusual results out under conditions similar to previous ones, but in 
es have been obtained from the use of Granosan (5 per which the possibility of damping-off had been care- 
re cent ethylmercury phosphate: 3.8 per cent Hg) as a_ fully excluded. No effects of treatment on the rate of 
soil sterilizing agent for the control of damping-off in emergence and growth of seedlings were found, nor 
ol pine seedlings. The experiments in which these ob- was there any sign of injury to seedlings following 
al servations were made were designed to test a number treatment. It is therefore improbable that the in- 
th of fungicides under glasshouse conditions for the creases in disease incidence are due to phytotoxic ef- 
es control of damping-off in Pinus patula Schl. & Cham. fects of Granosan, although the possibility of very 
I I ) 
at and P. radiata D. Don caused by Rhizoctonia solani — slight injuries occurring cannot be entirely excluded. 
es Kiihn and Pythium ultimum Trow. A full description An attempt was then made to determine any selec- 
rs of the technique has been given elsewhere.’ In 7 ex- tive effects that might operate, following Granosan 
ol periments, Granosan applied to the seed bed as a 0.3 treatment. to favour the spread of the pathogens 
\s er cent aqueous suspension at sowing time at a rate’ through the soil. An aqueous extract of Granosan was 
I | g 
ot of 1 gal. (imperial) per 2 sq. yards of seed bed re- prepared by boiling 2 g in 100 ml of water under re- 
In sulted in greater losses through damping-off than oc- 
n- curred in untreated plots; in 2 of these experiments 
° . . ° ° Tr 2 Ril 2 en ve ot 
es the increases were statistically significant (Table 1). Riker, A. J., R. H. Gruenhagen, L. F. Roth and W. H. 
; Brener. 1947. Some chemical treatments and their influ- 
ence on damping off, weed control, and winter injury of 
, 1 Gibson, I. A. S. 1955. Trials of fungicides for the con Red Pine seedlings. Jour. Agr. Res. 74: 87-95. 
” trol of damping off in pine seedlings. East African Agr. > Booer, J. R. 1951. The action of mercury as a soil 


Jour. (In press fungicide. Ann. Appl. Biol. 38: 334-347. 











182 PHYTOPATHOLOG} [Vol. 46 


Taste 2.—Growth* of R. solani, of P. ultimum, and of other members of the soil microflora in cornmeal agar containing 
various amounts ot Granosan ¢ rtract 


( ny diameter after 48 hours Average number of colonies 
Dilution of Granosan at 26" Germination of sclerotia ner plete (oil ino ulum) 
extract R. solani R. ultimum of R. solani‘ Fungi Bacteria 
m mm 
8 10-4 0.0 0,0 nnaiai 0.0 0.0 
$ 10-4 18,7 14,60 — = 0,0 0.0 
2 10-4 21,6 31.62 a ao 0,0 0,0 
l 10-3 50,19 62.86 ee 0,0 0.0 
5x 10-4 61,29 97,114 ++ 2,1 0,1 
25 & 10-4 60.70 117.97 oe te 14.20 51.300+ 
Control 80.68) ° (132.105) ° oe 55.18 71.300 
‘ lhe figures or symbols separated by commas are the re-ults of z « xperiments. Ther were 7 re plic ations in each 


experiment. 
"Two g of Granosan extracted with 100 ml of boiling water. 


© After 48 hours at 26°C 


“In the first experiment, soil inoculum was seeded into cooled molten agar. In the second, it was applied after the 
agar had set. 
\pproximate values only, because of irregular growth in the presence of other fungi. 


flux for 30 minutes and then filtering; the extract was the damping-off pathogens. A similar recolonization 
then used to prepare a dilution series made up in’ may be expected in soil initially sterilized by Grano- 
Difco cornmeal agar. This dilution series was then — san, following the gradual leaching of the fungicide 
plated under sterile conditions, sown with 1 ml of a by watering. As R. solani and P. ultimum have been 
1:3300 suspension of soil used in experiments. and found to be more tolerant of this fungicide than other 


incubated for 48 hours at 25°C. Plates then were common soil saprophytes. they also can be expected to 
seeded further with either mycelium or sclerotia of R. be the earliest colonists of the treated soil, spreading 
solani or with mycelium of P. ultimum and incubated — rapidly in the absence of competitors normally pres- 
for a further 48 hours. After this, measurements were ent in untreated soil and causing greater seedling 
made of the linear mycelial growth of the pathogens. —losses.—-Forest Department, Nairobi, Kenya Colony. 


and counts were made of the frequency of other fun- 
gal and bacterial colonies derived from the soil inocu- 


lum. A note was also kept of antagonism observed be- . 
| 1 Search for Chlamydospores in Wheat Seeds Grown 


under Conditions Favorable to Bunt Expression. F. P. 
gens. In one of these experiments, the soil inoculum r 1 
ZSCHEILE. 


tween members of the soil microflora and the patho- 


moe car eg wc. Intl Studies on resistance of wheat to bunt, 
was incorporated in the medium at n the other, caused by Tilletia caries (DC.) Tul., were reported 
recently by Griffith, Zscheile. and Oswald.* They em- 


ployed Baart as a susceptible variety and Baart 38 as 


soil inoculum was added after the medium had set so 
that temperature effect which might modify the reac- 


tion of members of the soil microflora to Granosan : . , , 
= ; a resistant variety that carries the M gene (for resist- 


were eliminated. (A third experiment. in which the , : . ¥ 
| ance to bunt) derived from Martin wheat.* Baart 46 


yathogens were added to the agar at the same time as , 7m. 
I = , also carries the M gene. Their work demonstrated that 


the soil inoculum, gave similar results to the first 2). “i 
- . when temperature and other conditions are favor- 
The results obtained Table showed that where . . P 
able, particularly during early weeks of growth. Baart 
as growth from the pathogenic inoculum was inhibited : 

a ieieh will be completely bunted; in the case of Baart 38. 
at a dilution of 8 10 tolerance of that of other a 

; plants may have a few bunted kernels or heads per 
members of the soil microflora. both fungi and bac- : 

: plant, some plants may be bunted, or relatively small 
teria, ceased at a dilution of 5 10-*. Antagonism Pe a ll 
“en |e dot numbers of chlamydospores may be hidden within 
etiween certain members o il¢ sOl MmIcronor;? ane 

the kernels. Such kernels appear normal and healthy, 


the pathogens was observed. but no evidence of stimu- ‘ 
A. but they harbor chlamydospores. many of which may 
lation of the growth of pathogens at low concentra- . 1m: ¢ : a 
S er; be immature. This phenomenon represents a_ partial 
tions of fungicide was obtained. If the active ingredi- ras : 
expression of susceptibility on the part of a variety 

ent of Granosan is heat stable and is active in aque- 


ous solution in the soil, it seems likely from these re- 

1 The writer appreciates the assistance of Milton Anken. 
Dr. W. B. Hewitt, Plant Pathology Department, kindly 
made available the low-temperature chamber for germina- 
tion of seeds and early growth of plants. 


sults that the increases in damping-off following soil 
treatment may have arisen through selective effects on 


the soil microflora, thereby reducing competition with 


the pathogens and favoring an increased rate of their 2 Griffith, R. B.. F. P. Zscheile. and J. W. Oswald. 1955. 
spread through the soil. The influence of certain environmental factors on expression 


if resistance to bunt in wheat. Phytopathology. 45: 428-434. 
} Schaller, C. W., and F. N. Briggs. 1955. Linkage rela- 

tionships of the Martin, Hussar, Turkey, and Rio genes for 

comes recolonized with fungi and bacteria, including bunt resistance in wheat. Agron. Jour. 47: 181-186. 


It has been observed in other similar experiments 
that heat-sterilized soil, regularly watered, rapidly be- 
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normally considered very resistant. This study re- 
ports efforts to determine microscopically how general 
this situation may be and to learn whether these 
spores are viable and capable of serving as a source 
of infection when such seeds are planted. Chlamydo- 
spores were sought within Baart seeds that apparently 
escaped bunt as individuals but that grew either on 
bunted plants or on nonbunted plants of an inoculated 
group. 

Typical Baart seeds suspected of harboring hidden 
chlamydospores were soaked in water until soft. 
crushed on a slide, stained with cotton blue*. and 
examined microscopically. Seeds from the same lot 
were surface-sterilized with 5 per cent sodium hypo- 
chlorite solution, planted on_ sterilized soil, and 
covered with vermiculite as described earlier?. Seeds 
were germinated at 10°C, and emergence from vermic- 
ulite occurred 9 days after planting. The plants grew 
at this temperature under blue incandescent lights 
(light period 12 hours) for 8 days, after which they 
were placed under fluorescent lights at room tempera- 
ture (light period 20 hours) for 7 weeks. Earlier these 
conditions were found to induce complete expression 
of bunt in Baart wheat”. During the last 3 months, 
the plants were kept in the greenhouse because of 
high temperatures in the laboratory. Heads and 
kernels from these plants were examined visually 
for minute evidence of bunt. 

Tests were made with seeds from inoculated Baart 
plants of a previous field experiment? in which only 
21 per cent of the plants had been bunted. No chlamy- 
dospores were detected microscopically in 10 seeds 
from each of 5 nonbunted heads of the bunted Baart 
plants, nor in 40 seeds from nonbunted Baart 38 
plants. Thirty-eight plants grown from seed of 5 
heads from nonbunted plants and 6 plants grown 
from seed of 2 bunted heads were free of bunt. 

In 1950, flowers and immature kernels of noninfected 
Baart wheat growing in the field were inoculated as 
previously described® with an aqueous suspension of 
a mycelial culture containing secondary sporidia of 
T. caries. Heads in the boot were flooded internally 
with a suspension of germinated chlamydospores 
From these plants. some normal-appearing seeds were 
obtained that were considered possible carriers of 
chlamydospores formed as a result of this late artificial 
inoculation. Many such seeds were examined micro- 
scopically, and no chlamydospores were found. Six to 
12 plants from seed produced during each of 4 treat 
men's developed heads free of bunt. 

Fifty-six seeds from inoculated Baart 38 plants of 
the earlier warm-room experiment? and others from 
the resistant variety Baart 46° grown in the experiment 
just described were examined microscopically, and no 
chlamydospores were found. The 56 Baart 38 seeds 


*Rawlins, T. E. 1933. Phytopathological and botanical 
research methods. Wiley. New York. 156 p 

5 Zscheile, F. P. 1955. Attempt to increase bunt expres 
sion in wheat by unusual inoculation methods. Phyto 


pathology. 45: 480-484. 
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were from an experiment different from the one? in 
which Griffith, Zscheile, and Oswald found hidden 
chlamydospores within normal-appearing kernels, but 
the plants were grown under very similar conditions, 
which also produced completely bunted Baart plants. 
Other seeds from the same lots and from the green- 
house and field experiments described earlier? (in- 
cluding normal seeds from bunted heads) were germi- 
nated, and the plants were grown as described (para- 
graph 2) up to the end of the period under blue lights. 
Then the plants were left at 10-12° under white in- 
candescent lights (light period 12 hours) for 6 weeks 
until anthesis, when they were moved to the green- 
house to promote better seed production. No bunted 
plant was produced in this group nor were any chlamy- 
dospores found in the seeds produced. 

It is concluded that hidden chlamydospores do not 
occur very frequently in either Baart or Barrt 38 under 
any conditions studied to date, even though adjacent 
seeds in the head are bunted. Artificial inoculation of 
flowers or heads is ineffective in producing chlamy- 
dospores. In our experience, no bunted plant has been 
produced from any seed that showed no external 
evidence of chlamydospore sorus formation, even 
though the seed may have come from a bunted plant 
or bunted head. If chlamydospores were present 
within the seed, they were neither viable nor able 
to produce infection.—Department of Agronomy, Uni- 
versity of California, Davis, California. 


Limited Development of Tilletia Chlamydospores 
within Wheat Kernels. F. P. Zscueice AnD M. ANKEN.! 
{n intriguing aspect of the general problem of obtain- 
ing bunt expression in wheat varieties that are nor- 
mally resistant to bunt involves the development of 
limited numbers of chlamydospores within normal- 
appearing kernels, a fact first reported in Baart 38 
by Griffith, Zscheile, and Oswald?. Later experiments* 
have shown that such development is infrequent. 
Among many samples of young kernels mounted in 
paraffin, sectioned, and stained with light green and 
magdala red as originally reported*, we have found 
several examples that demonstrate various degrees 
of development of chlamydospores under sub-optimum 
conditions imposed by the environment or under 
limitations imposed by genetic factors. The conditions 
of these experiments have been reported elsewhere, 
but the microscopic aspects are considered here in 
detail because additional varieties have been studied, 


1 The writers wish to thank Dr. R. B. Griffith for prepa- 
ration of the slides used in Figures 1 and 2 and for the 
plant material used in Figures 3 and 4, 

- Griffith, R. B., F. P. Zscheile, and J. W. Oswald. 1955. 
The influence of certain environmental factors on expres- 
sion of resistance to bunt in wheat. Phytopathology 45: 
128-434. 

‘Zscheile, F. P. 1955. Search for chlamydospores in 
wheat seeds grown under conditions favorable to bunt 
xpression. Phytopathology 46: 182-183 
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Fic. 1-4. Photomicrographs of transverse 
stained with light green and magdala red,— 
sampled 50 days after emergenc 155> Fig. 2. Baart 33. 
155x<.—Fig. 3. Baart 38. Cl ydospores with dark-staining 


dark-staining remnants. 545 


and more detailed comparisons now may be made. 


Seeds were examined in the young ovary stage from 
all 26 varieties of wheat that were studied in relation 
to the effect of low temperatures during the seedling 
stage on expression of bunt in the field*. Only a few 
examples of internal bunt sori were found, as described 
herein. Race T-1 of Tilletia caries (DC.) Tul. was the 
pathogen employed in these studies 


4Zscheile, F. P. 195 . The influence of temperature on 
the expression of bunt in susceptible and resistant wheats. 
Phytopathology 46: 168-174 


sections of young normal appearing kernels. 
ig. 1, Baart. Small sorus surrounded by normal tissues of young kernel, 








+= 
Sections were 15 w_ thick, 


Immature chlamydospores in 2 centers of development. 


remnants, 384.—Fig. 4. Baart 38. Chlamydospores with 


Baart is a susceptible variety used as a reference 
in all of our studies involving other varieties*: 4.5. ®, 
Griffith, Zscheile. and Oswald? presented a photograph 
showing the great numbers of chlamydospores that 
normally develop in a bunted kernel of Baart wheat. 
In contrast, Figure 1 shows a moderately small number 


5 Zscheile, F. P. 1955. Attempt to increase bunt expres- 
sion in wheat by unusual inoculation methods. Phyto- 
pathology 45: 480-484. 

6 Zscheile, F. P. 1955. Some physiological aspects of 
bunt resistance in wheat. Plant Physiol. 30: 432-437. 
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Fic. 5+ 
stained with light green and magdala red.—Fig. 5. Big Club. 
6. Big Club 43. Few immature spores surrounded by kerne! 
with many immature ones. 164.—Fi«. 8 


of chlamydospores surrounded by normal-appearing 
tissues of a 3-mm wheat kernel from the same warm- 
room experiment. In succeeding sections toward the 
stigmatic end of the kernel, the spore-filled area de- 
creased to zero, whereas in the opposite direction it 
increased to approximately 90 per cent of the cross- 
sectional area at the basal end. Spores ripened first at 
the center of the sorus. Around the periphery the 
spores stained red and were immature. Some degree 
of resistance is shown in this normally susceptible 
plant. for all the endosperm tissue is not displaced by 
spores. 


Baart 38 is ordinarily resistant to race T-1 because 


Photomicrographs of transverse sections of young normal appearing kernels. 


Sections were 15 w thick. 
Many stages of chlamydospore development. 164.—Fig. 
Big Club 43. Few mature spores 
Federation. Sorus with chlamydospores maturing first near the center, 49X. 


tissue. 384 .—Fig. 7. 


of the M gene derived from Martin wheat’. Griffith, 
Zscheile, and Oswald? reported that Baart 38 de- 
veloped fewer chlamydospores in kernels than the 
bunted Baart kernel used in their illustrations. Figure 
2 shows a cross section of a 5-mm kernel from their 
experiment in the warm room, with chlamydospores 
developing in 2 centers close together. In nearby 
sections, these groups merge. The spores are few in 


7 Briggs. F. N., and C. S. Holton. 1950. Reaction of 
genes tor resistance to races 
foetida. Agron. Jour. 42: 


wheat varieties with known 
f bunt, Tilletia caries and T. 
183-486. 
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section are im- 
irregular 


number and most of them in this 
mature. Some dark-staining material of 
shape is usually present in such areas where new 
spores are being formed. Other Baart 38 kernels 
produced by plants grown to maturity at 12°C? con- 
tained chlamydospores, many of which had the retic- 
ulated coverings characteristic of T. caries and were 
A certain amount of dark-staining 
around and between spores in 
suggestive of remnants of my- 


brown in color. 
material is shown 
Figures 2, 3, and 4. 
celium from which the spores may have been formed 
(center of Figures 3 and 4). 

Big Club is a susceptible variety that has 
under conditions that 
Figure 5 shows chlamy- 


been 
completely bunted produced 
complete bunting in Baart.* 
dospores found in young kernels, 2 mm in length, 
from plants grown in the field‘ after germination and 
Many stages of spore develop- 


early growth at 10°. 
ment are shown in this figure. 
concavity on 1 side because of shrinkage, probably 


Some spores have a 


because of the relatively rapid dehydration during 
preparation for staining. Immature spores are numer- 
ous, and in the lower center and left side of the figure 
are bits of dark-staining material that may be mycelia 
of the pathogen. 

Big Club 43 is a resistant variety that corresponds 
to Baart 38, in that it carries the M gene? and may 
become bunted environ- 
mental conditions”. 
section in Figures 6 and 7 was produced under the 
same conditions as the Big Club kernel just discussed. 
One of 3 plants was bunted. The section of Figure 6 
has only a few immature spores surrounded by kernel 
tissue. That of Figure 7 has many immature and few 
mature chlamydospores. 

Federation, a susceptible variety grown as a control 
dusting 


when under 


The kernel shown in a l-mm cross 


grown proper 


in a field experiment. was inoculated by 
dry chlamydospores onto the seed, which was then 
planted directly in the field. Only 9 per cent of the 
plants were bunted. Figure 8 shows that chalmydo- 
spores in this case also matured first near the center 
of the mature 
seen. that 
consistent throughout the extent of the sorus. 

The examples illustrated 
found, indicating comparative 
experiments, most of which were designed to promote 


brown 
this tendency 


sorus where Spores are 


Other sections showed 


area, 
was 


above were not easily 


their rarity in such 
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bunt development. Nine of the varieties are normally 
susceptible, 11 are resistant because of the M gene, 
and 5 are resistant because of other genes for bunt 
resistance. Probably under certain environmental con- 
ditions, which might be unique for each variety of 
susceptible and resistant groups and perhaps for 
specific strains of the pathogen, increased percentages 
of such seeds with limited bunt development might 
be produced.—Department of Agronomy, University of 
California, Davis, California. 


An Addition to the Biography of D. Y. Ivanovski, 
1864-1920. Kart Maramoroscu. The biographical 
sketch of Ivanovski, published in Phytopathological 
Classics, No. 7, 1942, was incomplete because of the 
difficulties encountered by the late Professor James 
Johnson in locating published biographies of the Rus- 
sian physiologist. 

A recent search in the Slavonic Division of the New 
York Public Library disclosed the dates of Ivanovski's 
birth and death and also provided some additional in- 
formation concerning his life. The Russian “New En- 
cyclopedic Dictionary” (Novyi entziklopedicheski slo- 
var’) v. 18, 1911-1916, St. Petersburg, gives the date 
of birth of Dmitrii Yosifovich Ivanovski as 1864. This 
date agrees with that given in the Great Soviet En- 
cyclopedia (Bolshaya sovetskaya entziklopediya) 1 ed. 
v. 27, p. 380-381, 1933, Moscow. According to the 2 
biographies, Ivanovski was educated in the Univer- 
sity of St. Petersburg, where he received his master’s 
degree in botany. His thesis dealt with yeast. In 1901 
he became associate professor, and in 1903 professor 
of plant anatomy and plant physiology at the Univer- 
sity of Warsaw. In 1903 he received his Ph.D. degree 
for his thesis on the tobacco mosaic disease, which 
was published in German (in Zeitschrift f. Pflanzen- 
krankheiten, 1903). In 1915 the Warsaw University 
was evacuated to Rostow on the Don, where Ivanovski 
continued his work as professor of plant anatomy and 
physiology until his death in 1920. A notice in the 
Acta Universitatis Tanaitici (Rostow on the Don) v. 
3. p. 5. 1921, listed him among the faculty members 
deceased during the academic year 1920-1921.—The 
Rockefeller Institute for Medical Research, New York, 
New York. 





